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1SUMMARY
A number o f psychological and psychomotor tasks including auditory 
and visual reaction time, log ic  reasoning, m irro r drawing, bead threading, 
ro ta ry  pu rsu it  and d ig i t  adding, were presented to seventy-two healthy 
subjects, in d i f fe re n t  atmospheric conditions (temperature, ions and 
humidity as va r ia b les ) ,  to examine the possible ro le  o f negative a i r  
ions on circadian rhythm and human performance. Subjective ra tings o f 
both the environment and the subjects ' fee lings were determined. Physio­
log ica l/b iochemical measurements o f body temperature and u r ina ry  excretion 
of 5-Hydroxyindoleacetic acid (5HIAA), sodium and potassium were also 
measured.
In add it ion , to investigate  the possible ro le  o f negative ions on 
perception o f pain, eleven rheumatoid a r t h r i t i s  patients were subjected 
to two d i f fe re n t  atmospheric conditions: negative ions and no ions. 
Subjective pain assessment, subjective ra ting  o f environment and pa tien ts ' 
own fee lings were measured together w ith the urinary excretion o f 5HIAA 
and 3-Hydroxyanthranilic acid (3HAA).
The f i r s t  chapter consists o f a review o f the background l i te ra tu r e  _  
and provides a general in troduction  to the current study. The second 
chapter describes the materials and general methods used in  th is  work. 
F in a l ly ,  the resu lts  o f the studies on negative a i r  ions are described in  
the remaining three chapters. The pr inc ipa l f ind ings are summarised below:
Circadian rhythm; Ten human male subjects, aged twenty to twenty- 
seven were pa rt ic ipan ts . The subjects were tested every two hours during 
two periods o f twelve hours (09.00-21.00 hrs and 21.00-09.00 h rs ). The 
resu lts  ind ica te  tha t negative a i r  ions have a s ig n i f ic a n t  e f fe c t  on
circadian rhythm o f:  sodium, potassium and 5-Hydroxyindoleacetic acid 
excretion in urine and also auditory reaction time and d ig i t  adding.
Human performance; This work was divided in to  three parts; 
Experiment ]_ had negative ions as a va r iab le , Experiment 2 had ions and 
subject earthing as variab les , and Experiment 3^ humidity as a va r iab le ; 
ions present in both a 'd ry ' and a 'humid' environment.
The resu lts  o f 5-Hydroxyindoleacetic acid (5HIAA) measurements are 
equivocal. In a l l  o f  the experiments a proportion o f ind iv idua ls  res­
ponded to negative ions by e ith e r  increasing or decreasing ur inary  5HIAA 
excretion.
The resu lts  o f the psychological task performance ind ica te  tha t a t 
the room temperature employed in these experiments (29°C) only a few 
s ig n if ic a n t  e ffec ts  o f ions could be demonstrated. For example, there 
was an improved performance at ro ta ry  pursu it (Experiment 1_); improved 
m irro r drawing in females (Experim ent^); and a reduction in  visual 
reaction time (Experim ent^). Earthing and humidity have no e f fe c t  on 
performance. However, corresponding to the l i te ra tu re  more consistent 
e ffec ts  are evident a t a lower ambient temperature (e.g. 19°C). There­
fore i t  may be concluded tha t the e f fe c t  o f negative ions on human per­
formance depends upon the ambient temperature.
Pain perception; Eleven rheumatoid a r t h r i t i s  patients p a r t ic ip a te d . 
The resu lts  o f 3-Hydroxyanthranilic acid (3HAA) excretion in  urine in ­
dicate tha t e igh t out o f eleven patients had high leve ls o f  excre tion . 
The s ig n if ic a n t  co rre la t ion  between the level o f 3HAA excretion and 
subjective pain assessment disappeared in the negative ion cond it ion . 
Patients also had high pain thresholds and rated the environment more 
comfortable in negative ion condition.
*5
From the above resu lts  i t  may be concluded tha t negative ions, may 
increase the level o f pain threshold and consequently, a f fe c t  the per­
ception o f pain. However, the mechanisms o f  such an hypothetical 
re la t ionsh ip  remain to be determined.
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CHAPTER 1 
GENERAL INTRODUCTION
12
1.1 In troduction
For the past s ix ty  years investigators  have studied the problem o f 
atmospheric ion iza tion  and the spec if ic  application o f possible therapeutic 
properties in re la t io n  to physiological and psychological e ffec ts  on the 
human organism. The l i te ra tu r e  on the e ffec ts  o f ionized a i r  on disease 
processes in the human being and i t s  e f fe c t  on various b io log ica l organisms 
is  quite extensive. Investigations on normal healthy people have produced 
resu lts  tha t are not uniform and sometimes even contrad ic tory .
Evaluation o f many e a r l ie r  reports is  extremely d i f f i c u l t  due to 
v a r ia b i l i t y  encountered in  the study o f a given disease process and also 
to deficiencies in instrumentation and control o f  in te rac t in g  variab les.
Consequently, reported resu lts  are a t times equivocal and the 
magnitude and extent o f ion e ffec ts  on man's performance or health is  not 
c lear.
In order to exercise suitable control over ion iza tion  o f  a i r ,  a basic 
fac to r  in man's environment, i t  becomes important to estab lish c le a r ly  the 
e f fe c ts ,  i f  any, tha t such an atmosphere may have on man's a b i l i t y  o f 
performance or well-being.
A study o f the e ffec ts  o f uni polarized a i r  on normal healthy and 
rheumatoid a r t h r i t i s  patients was carried out, using a series o f  performance 
and subjective tests  which involve the measurement o f subjects ' responses 
in terms o f the s t im u li producing them, and the resu lts  o f the inve s tiga tio n  
and a survey o f some experimental work on the b io log ica l e ffec ts  o f  un i-  
polarized a i r  are discussed and given in the fo llow ing pages.
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1.2 Nature o f Ions in A ir
i .  Small ions
In 1785 Coulomb appears to have been the f i r s t  to have noticed 
the conductiv ity  o f the a i r ,  p a r t ic u la r ly  the leakage through a i r  o f the 
charge from an e le c tr i  f ied  body.
He considered tha t a i r  o r  dust pa rt ic les  could receive charges by 
impact with a charged body and would then be repelled.
E ls ter and Geitel (1889) and Wilson (1900) demonstrated tha t the 
e le c t r ic a l  conductiv ity  o f the atmosphere was caused by an abundance o f 
charged p a r t ic le s ,  ca lled ions, o f approximately molecular size.
Laboratory experimentation by Thomson (1933) o f a r t i f i c i a l l y  produced
ions shows tha t such ions do not d i f f e r  g rea tly  from the natural small
ions in the a i r  which are responsible fo r  the major part o f  the conduc t iv ity .
Since the dimensions or masses o f the ions cannot be measured by 
any d ire c t  means, i t  is  customary to describe them in terms o f  th e i r  
v e lo c it ie s .  An ion in an e le c tro s ta t ic  f i e ld  w i l l  acquire a ch a ra c te r is t ic  
ve lo c ity  which depends upon the f ie ld  strength and upon the nature o f 
the ion. The ve lo c ity  in cm/sec when the ion is  placed in  a f ie ld  o f 
1 volt/cm is  ca lled the m o b il i ty .  The m o b il i ty  o f  the small ion is  
approximately 1.0 to 2.0 cm/sec/volt/cm. The actual value o f the 
m o b il i ty  depends on the humidity, the atmospheric pressure, the presence 
o f other substances, the age, and probably other factors as w e l l .  Under 
s im ila r  conditions i t  was found by Erikson (1921) and Bradbury (1932) 
tha t negative ions have m o b il i t ie s  ra ther greater than pos it ive  ions.
Small ions of the atmosphere have an average l i f e  o f the order of 
a minute, and are subject to the influences o f many atmospheric 
constituents ex is t ing  in minute qu an t it ie s . Overhauser (1949) 
pictures an atmospheric small ion as a charged p a r t ic le  which is 
con tinua lly  associating w ith , and d issoc ia ting  from, one or more 
other molecules. The time a certa in  type o f molecule remains 
associated with an ion depends on the molecule's e le c tr ic a l  properties.
i i .  Large ions
-4 -3The fa c t  tha t some ions have m o b il i t ie s  between 3x10 and 8x10 
cm/sec/volt/cm was f i r s t  established by Langevin in 1905.
"Langevin" or large ions, although submicroscopic, have a mass more
than a m i l l io n  times tha t o f a molecule o f a i r  (Nolan and Guerrini, 1935).
Because o f th e i r  very small m o b il i ty  the large ions contribu te very 
l i t t l e  to e le c tr ic a l  conduction. These ions are usually formed by the 
combination of small ions with dust, fumes, smoke or drops o f  water 
in the a i r .  They are also formed by combustion processes, by the 
f r i c t io n  of w h ir l in g  dust, by heated metals and m e ta l l ic  s a l ts .  Large 
ions are present in great numbers in c i t y  a i r  which is  po llu ted by 
the emission o f combustion products from chimneys and from automobile 
exhaust. The mean l i f e  o f large ions, according to the data ava ila b le , 
is  probably between one and two times greater than is  tha t fo r  small • 
io n s . ( i .e .  two or three m in.).
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i i i .  Intermediate Ions
Ions o f m o b il i t ie s  between those o f the small and large ion are
c la s s i f ie d  as intermediate ions. Pollack (1915) discovered a
-1 -2group o f  intermediate ions with m o b il i t ie s  between 10 and 1 0 - 
cm/sec/volt/cm. He in terpreted them as p a rt ic les  o f sulphuric acid 
tha t could only be found where in d u s tr ia l processes produce th is  
substance. In 1939 Hogg investigated intermediate ions in de ta il 
and found qu ite  d i f fe re n t  groups o f  ions with m o b i l i t ie s  from 2x10 "^
_3
to 10 cm/sec/volt/cm.
There is  an important physical d ifference between large and 
small ions apart from the d iffe rence in m o b il i ty .  The important 
feature o f a small ion is  i t s  charge, while the charge is  only 
inc identa l to the large ion ( Nolan etal_ 1935). Although a small ion 
comprises a group o f molecules, when the charge is  removed the 
molecules no longer remain attached, since the charge i t s e l f  is  the 
mechanism by which they congegrate together.
When a small ion loses i t s  charge, no trace o f i t s  existence 
remains. On the other hand, when a large ion loses i t s  charge, i t  
becomes an uncharged nucleus and remains eas ily  detectable (Faraday cup) 
and can re ad ily  acquire another charge o f e ith e r  sign. By'rthis 
c r i te r io n ,  the intermediate ions are c la s s i f ie d  as large ions ra ther 
than as small ones (Nolan et al 1935).
1.3 Formation and Destruction o f A ir  Ions
In nature there are various processes which may be involved in the
16
production o f atmospheric ions;
i .  Radiation from radioactive sources in the earth
Hess (19.28) has shown tha t about h a lf  o f the ion iza tion  
o f the atmosphere may be accounted fo r  by the radioactive material 
known to be in the a i r  and in the earth 's  c rus t. The amount o f
radioactive matter in the a i r  depends upon two fac to rs : ( 1 ) the rate at
which i t  is  dissipated in the atmosphere, and (2 ) the rate o f exhalation 
from the s o i l .
The rate o f exhalation of rad ioactive gas (radon) from the so il  
is  subject to considerable v a r ia t io n , being affected by such factors 
as temperature o f the s o i l ,  wind force, dryness o f s o i l ,  covering on the 
ground (snow, ice) and changes in barometric pressure. The rate o f
d iss ipa tion  in the atmosphere depends upon several fa c to rs , but
p a r t ic u la r ly  upon a i r  turbulence ( Z e i l in g e r ,  1935)
i i .  Cosmic rays
According to Crowther (1938) the chief, natural sources o f such 
ion iza tion  are the cosmic rays, which trave l down towards the earth 
and produce ionized a i r  a t  a l l  leve ls .
i i i .  Electromagnetic waves from the sun
These produce intense ion iza tion  only at high le ve ls ,  and they 
could a f fe c t  us in d ire c t ly  via the weather ( Hansel!, 1961).
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iv .  Waterfall e ffec ts
I t  is  well known tha t in certa in  geographic locations and a f te r  
spe c if ic  weather changes, negative ions predominate. Atomization of 
water, as occurs in  the close v ic in i t y  o f w a te r fa l ls ,  resu lts  in 
production o f a i r  ions by breakdown o f water drople ts. Large, p o s i t iv e ly -  
charged and small, negatively-charged ions are produced (Lenard e f fe c t ) .  
The small ions remain in the a i r  longer while the large po s it ive  ions 
tend to f a l l  more r a p i d l y  to earth. Therefore, the a i r  near a w a te rfa l l  
contains re la t iv e ly  large amounts o f negatively-charged pa rt ic le s  
(Swangard , 1946).
Small pos it ive  ions are formed when an electron is  removed from 
a neutral molecule. The electron which is  set free in th is  process o f 
ion iza tion  may recombine with another pos it ive  ion, or i t  may become 
attached to a neutral molecule and form a negative ion.
Small ions may be produced in a i r  by various methods, such as 
by chemical and mechanical means, by u l t ra  v io le t  l i g h t  of s u f f ic ie n t ly  
short wave length, by breaking water drops, and by d r i f t in g  snow and 
dust. Under p a r t ic u la r  circumstances one or more of the above mentioned 
processes may add appreciably to the ion concentration o f the a i r .
The ions are formed in pa irs , i . e .  fo r  every pos it ive  ion there
is  a corresponding negative ion formed, the formation being the re s u lt
of the separation o f charge from a neutral molecule„of a i r .  Under steady
state conditions, the to ta l number o f  ions in any volume o f a i r  must
be constant. Very close to the earth 's  surface there w i l l  be e ffec ts  
o f ionized a i r  d i f fu s in g  out o f  the ground. The m o b il i ty  and the
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d if fu s io n  c o e f f ic ie n t  o f negative ions are both greater than those o f 
pos it ive  ions, so tha t a i r  d i f fu s in g  out o f the so i l  w i l l  contain an 
excess o f pos it ive  ions which have not been so read ily  drawn in to  the 
walls o f the in te rs t ic e s  o f the ground as the negative ions have been.
Ion Destruction
Immediately a f te r  formation some o f the small ions recombine; 
others combine w ith the uncharged condensation nuclei in  the atmosphere 
to form charged nuclei (large ions) and s t i l l  others combine with the 
large ions o f opposite sign to form uncharged condensation nuc le i.
The p o s s ib i l i t ie s  fo r  the loss o f a small ion are categorized as 
fo llows:
i .  I t  may recombine with an opposite ly charged ion and revert to a 
neutral a i r  molecule.
i i .  I t  may combine w ith a condensation nucleus and become a large ion.
i i i .  I t  may neutra lize the opposite charge on a large ion and revert 
to an uncharged nucleus and neutral a i r  molecules.
In sp ite  of the disappearance o f small ions through recombination and 
combination processes, there w i l l  always be some o f them in the 
atmosphere, owing to the fa c t  tha t they are being formed a l l  the time.
Large ions are destroyed by:
a. Combination with a small ion
b. Combination with a large ion o f the opposite charge.
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1.4 Natural Ions Levels
Both large and small ion concentrations vary considerably from 
place to place and from time to time.
Yaglou and Benjamin (1934) have shown in th e i r  measurements d e f in i te  
diurnal and seasonal varia tions depending la rge ly  upon local and general 
meteorological conditions. In w in te r the concentration o f small ions 
in unconditioned indoor a i r  is  considerably lower than tha t in  outdoor 
a i r .  In summer the reverse seems to hold true.
The ra t io  of the number o f  pos it ive  and negative and the size o f 
ions also has been found by Gagge and Moriyama (1935) during an annual 
recorded ion counts a t a s ta t ion  located in Newhaven. There was a r ise  
in pos it ive  small ions during the summer months. The large ion group 
increased two-fo ld in number during the w inter months over the summer 
months, while the intermediate group increased only s l ig h t ly  in  number 
during the same period.
Beckett (1958) states tha t the most common s itu a t io n  in  an a i r -  
conditioned space is  an inadequate supply of negative ions, p a r t ic u la r ly  
small ions. In heating, cooling and f i l t e r i n g  o f a i r ,  small ions 
contact the metal (usually  earthed) components o f the equipment and are 
thereby lo s t .  The small ion density indoors in an ordinary a i r -  
conditioned room can be expected to have approxiamtely h a lf  the value 
o f the small ions present in the outdoor a i r  (Siksna, 1953).
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Maczynski (1971) stated that man encounters very low
concentration o f ions and modern c i t y  l i f e  increases the ra t io  of 
pos it ive  to negative. His fourteen-day study o f an o f f ic e  containing 
four people showed tha t the concentration o f smaller, a i r ’ ions--.?dropped as 
the day went on, f a l l in g  on average to only 34 pos it ive  and 20 negative 
ions per cubic centimetre.
Further, Davies and Spei cher et a_l_ (1961) and Kornbleuh et al (1971) in 
long itud ina l studies both measuring ion levels in enclosed spaces 
(e.g. a hosp ita l,  a k n i t t in g  m i l l  and a pr iva te  home) found a dep le tion , 
as compared to outdoors,of small ions - especia lly  negative ones. The 
outdoor level of small and large ions are 300-1000 and 1000-80,000
3
ions/cm respectively;}Chalmers 5 1 957).
1.5 A r t i f i c i a l  Ion Production
Various methods o f producing ions in the atmosphere have been used. 
Dessaure (1931) gives the fo llow ing methods:
1. X-rays
2. U l t ra -v io le t  photo-ionization
3. High voltage brush discharge
4. High frequency o f e le c tr ic a l  current (corona discharge)
5. Thermionic generation
6 . Flames
7. Ion ization by high speed pa rt ic les
8 . Atomization o f water
3 .Dessaure (1931) states tha t with X-rays a concentration o f ,5 x ,10 ions
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per cc. could be obtained. This is  not s u f f ic ie n t ly  high to  be a very 
p ractica l method. Besides being in e f f ic ie n t , . ,  there is  also the danger 
of stray rad ia t ion  a f fe c t in g  the subject.
Any method which produces ozone or oxides o f nitrogen as by­
products is  undesirable from the b io log ica l viewpoint. Therefore, 
u l t r a - v io le t  photo-ion iza tion , high voltage and Brush discharge are to 
be avoided.
High Frequency (corona.discharge); This method was once w idely 
used but unfavourable by-products were emitted. However, these 
problems have la rge ly  been solved and i t  is  now regaining i t s  
popularity. An e le c t r ic  potentia l is  applied betv/een two e lectrodes, 
one o f which is  usually a w ire ,o r a series o f wires o f very small 
diameter, or a series o f needles. The very high e le c tr ic a l  f i e ld  
surrounding the needle tips produces a large number o f negative and 
pos it ive  ions. Depending on the d ire c t ion  o f the curren t, ions o f  
one charge are absorbed in to  the wire or probe and the ions o f  the 
opposite charge are l ibera ted  in to  the atmosphere. Yhe new generators 
produce very low concentrations o f contaminants (oxides o f  nitrogen 
and noxious by-products) and are comparatively safe (Medion,
1974). . ,
Moreover, any method which causes physiological side e f fe c ts  is  
unsa tis fac to ry , since th is  would obscure the e ffec ts  produced by 
ion iza t ion . From th is  po int o f view>hot filaments (thermionic 
generation) give o f f  thermal energy, often not desired, and many also 
a f fe c t  the pa rt icu la te  matter in the a i r  as i t  passes near the 
f i lam ent. The same reason would also negate the use o f flames.
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Ion ization by high speed p a r t ic le s ;  Alpha emitters are the most 
e f f ic ie n t ,  generators. One p a r t ic le  from polonium 210 is  capable o f 
producing about 150,000 ions pa irs . Positive ions are removed by a 
voltage gradient.
The use o f atomized water has the drawback o f increasing the 
humidity in the conditioned space.
1 .6 Ion Counter
The concentration o f ions in the atmosphere is  measured by an 
instrument ca lled an ion counter. The p r in c ip le  on which the 
measurement o f a i r  ions is  based is  described in Chapter 2.
1.7 The Biologica l Effects o f A ir  Ions
Since the discovery o f Ions by Wilson (1900) b io lo g is ts  and physicians 
began to explore the p o s s ib i l i t y  tha t a i r  ions might influence 
physiological processes. Though con trad ic tory  statements, inadequate 
observation and p r im it ive  equipment have repeatedly delayed progress 
and research in th is  f i e ld ,  much success has been achieved.
Gradual in troduction  o f improved ion generators and measuring instruments 
and the application o f modern methods o f investiga tion  and s ta t is t ic a l  
evaluation permitted a more c r i t i c a l  approach. The b io lo g ica l and 
therapeutic s ign if icance of unipolar ionized a i r  and charged aerosols 
is  now p a r t ia l ly  defined, but many questions remain to be answered.
1.7.1 Effects o f A ir  Ions on Micro Organisms
Hicks and Beckett (1957) report tha t studies in progress using 
Neurospora ferassa, an organism well adapted fo r  in h ib i t io n  experiments, 
genetic studies, and biochemical investiga tions o f metabolic pathways, 
when exposed to a i r  ions produced by radio-isotopes show tha t exposure 
to pos it ive  a i r  ions in h ib ite d  the germination o f a large number o f 
spores and that exposure to negative a i r  ions was also detrimental to 
Neurospora but to a lesser extent.
Krueger (1971) using a t r i t iu m  ion ize r exposed mice fo r  48 hours
5 3to about 3.7 x 10 small negative ions/cm o f p o llu ta n t- f re e  a i r .
He then challenged the mice w ith a < 1.0 LD 50 dose o f influenza v irus
administered in trana sa lly  and subsequently maintained them in  a
negatively ionized atmosphere. They displayed a lower death ra te than
con tro ls ; the differences were not s t a t i s t i c a l l y  s ig n i f ic a n t .
Makela et (1979) investigated the e ffec ts  o f ion iza tion  o f  
the a i r  on the decay o f bacteria l aerosols in a Burns and P las tic  Surgery 
Unit. Ions were generated by e le c t r ic  corona discharge. The bacteria l 
content o f the a i r  as measured by s e t t le  plates was found to be smaller 
during the ion iza tion  period than during the control period. The number 
o f ind iv idua l phage typed staphyloccus aureus s tra ins was espec ia lly  
found to be lower during ion iza tion . The opposite po ten tia l increased 
the rate of disappearance o f bacteria from the a i r .  The size o f skin 
pa rt ic les  carrying bacteria is  not optimum, but the resu lts  obtained show 
tha t the ion iza tion  may have applications in co n tro l l in g  airborne in fe c t io n .
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Estola et a_T (1979) have studied the e ffec ts  of a r t i f i c i a l  a i r -  
ion iza tion  on airborne transmission o f Newcastle disease v irus (NDV) 
in fe c t io n  in chickens inan iso la ted system consisting o f two side-by- 
side cages with so lid  walls and a wire-gauze roof. During a 3-week 
observation period more than 90% of the uninoculated in d ica to r  chickens 
housed in one o f the cages, contracted the v irus  shed to the a i r  by 
the NDV-inoculated, diseased birds in  the neighbouring cage. This 
a ir-borne transmission o f NDV was completely prevented by increasing 
the ion concentration in the te s t  room by a constant negative corona 
discharge above the wire-gauze roof. On the other hand, spreading o f 
the in fe c t io n  w ith in  a group o f chickens housed in a s ingle cage was 
not affected by a i r  ion iza t ion .
Krueger (1957) and his co-investigators  using both polonium-210 
and t r i t iu m  ion izers investigated the e ffec ts  o f pos it ive  and negative 
a i r  ions on bacteria and viruses. These investigators  found th a t ions 
o f e i th e r  charge accelerate the rate o f decay o f aerosolised micro­
organisms. The evidence suggests tha t both pos it ive  and negative ions 
exert a physical e f fe c t  on the aerosol p a r t ic le s .  Most aerosols, 
whether produced by natural or a r t i f i c i a l  means, are e le c t r i c a l l y  
charged and under some circumstances they may be h igh ly  charged. When 
high concentrations o f ions e x is t ,  they m a te r ia lly  a l te r  the course o f 
events occurring in an aerosol cloud, i . e .  the net space charge 
concentration gradients, strong e le c t r ic a l  f ie ld s ,  and re su lta n t 
p re c ip ita t io n  o f ions and aerosols (Whitby et a_L 1965).
Not a l l  gaseous ion action on micro-organisms is  le tha l in  
character. Zacharias (1963), fo r  example, observed tha t the e f f ic ie n c y  
o f nitrogen f ix a t io n  in continuous cultures o f Azobacter v ine la nd ii
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was m a te r ia lly  increased by the replacement o f non-ionized nitrogen 
with p o s it iv e ly  ionized nitrogen.
Krueger et aj_ (1979) have shown a strong involvement o f  the 
superoxide anion in the bacteriac idal e f fe c t  o f  negative a i r  ions. This 
observation supports the concept tha t the negative a i r  ions responsible 
fo r  bacteria l death consist so le ly  or in part o f  hydrated superoxide 
anions. Paradoxically, while negative a i r  ions have a reputation as a 
ra ther benefic ient species; (Krueger and Reed, 1976), superoxide rad ica l 
anion apparently acts as one o f  the most tox ic  species produced in 
aerobic metabolism (Fridovich , 1976).
These and other resu lts  suggest tha t a r t i f i c i a l  a i r - io n iz a t io n  
may protect animals from certa in  airborne in fe c t io n  by in te r fe r in g  
with microbial aerosol formation and/or by f a c i l i t a t in g  th e i r  decay.
1.7.2 Effects o f A ir  Ion ization on Animals
Krueger and Smith (1958) using polonium 210 as an ion ize r have 
demonstrated, both " in  vivo" and " in  v i t r o "  tha t pos it ive  a i r  ions 
depress c i l i a r y  a c t iv i t y  and mucous flow o f the trachea while negative 
a i r  ions increase i t .
Despite the general tendency to consider the action o f the 
atmospheric ions on the c i l i a  of the airway passages Badre e t al_ (1966) 
have shown the absence o f an e f fe c t  by l i g h t  atmospheric ions on the 
c i l i a r y  frequency of the trachea, " in  v i t r o " ,  in contrast to the re su lts  
obtained by Krueger and Smith (1958), although they used the same 
experimental conditions..
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Tchijevsky (1943) described his investiga tions on the b io log ica l 
actions o f unipolar ion iza tion  using high voltage discharge as a source 
o f a i r  ions and guinea pigs as subjects. He observed two important 
phenomena: (1) an increase in the haemoglobin content (as compared 
with tha t o f control animals) and (2) a slowing down o f the sedimentation 
rate o f erythrocytes. I t  was also established tha t deviations in pH 
of the blood occurred under the influence of ionized a i r  such that 
negative ions s h i f t  the pH o f the blood toward the a lka line  side.
Tchijevsky makes mention o f the fa c t  tha t excessive doses bring 
about opposite e f fe c ts ,  and experiments performed with animals, insects 
and protozoa have demonstrated how easy i t  is  to in h ib i t  growth by 
excessive dosage.
Bachman e t aj_ (1966) measured the a c t iv i t y  o f ra ts treated w ith a 
known concentration o f ionized a i r .  A variance analysis o f data 
ind ica te  tha t a t ion concentrations below 200,000/cm3 the b io log ica l 
response showed great s e n s i t iv i t y .  For example, a c t iv i t y  dropped 
sharply fo r  e ith e r pos it ive  or negative ions. For increased po s it ive  
concentration, a c t iv i t y  continued to decrease to a minimum a f te r  which 
i t  returned to about the value fo r  neutral treatment. For increasing 
negative io n iza t io n , however, the i n i t i a l  decrease in  a c t iv i t y  was 
reversed and a c t ive ly  climbed to a value well above tha t fo r  neutral 
treatment. I t  then dropped o f f  fo r  higher ion leve ls . The e ffec ts  o f 
ion concentration on a c t iv i t y  were s ig n i f ic a n t  fo r  both negative ions 
(P < 0.01) and pos it ive  ions (P < 0.05).
Frey (1967), who from the hypothesis o f his previous work 
(1961a, 1961b, 1965) had shown tha t treatment w ith small negative a i r  
ions causes a depletion of the brain level o f 5-Hydroxytryptamine,
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studied the e ffec ts  o f small negative ions on emotional behaviour 
in ra ts .  The conditional emotional response technique described by 
Brady (1956) was chosen as the appropriate measure to te s t  p red ic tion  
( in h ib i t io n  of lever pressing fo r  food in  a r a t ) .  The resu lts  showed 
tha t continuous treatment with negative ions reduces the in h ib i t io n  o f 
lever pressing.
Nazzaro _et al (1967), using a t r i t iu m  ion generator, and 6 male 
rats as subjects, have shown a d i f fe re n t ia l  e f fe c t  o f negative and 
pos it ive  ions on a conditioned emotional response. Following a f iv e  
day control period, h a lf  the animals were subjected to pos it ive  and 
h a l f  to negative ions. A fte r  e igh t days, the conditions were reversed. 
Five animals showed s ig n i f ic a n t  changes in response rate fo llow ing 
exposure to ions. Results from th is  experiment suggest tha t negative 
ions, l ik e  reserpine, reduce anxiety but f a c i l i t a t e  learn ing , whereas 
pos it ive  ions may increase anxiety but in te r fe re  with learn ing.
Bachman £ t  aj_ (1966) have studied the e ffec ts  o f a i r  ions on 
electro-cardiographs. There were 17 animals and fo r  each animal a series 
of cardiograms was obtained covering the h a lf  hour period o f a i r  ion 
exposure. The resu lts  showed there to be a general tendency fo r  an 
increase in the amplitude of the "T" wave which is  thought to  be 
associated with the experimental conditions, possibly anaesthesia.
No other e ffec ts  appeared when ion exposure was by surface contact alone. 
However, fo r  inhaled ions, the S peak tends to  be increased by p o s it ive  
ions and decreased by negative ions. Positive ions tend to increase 
the Q peak and possibly decrease the P peak.
Herrington and Smith (1935) using 50 animals, exposed them
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continuously from the ages o f 21 days to 300 days to negative ion iza tion  
produced by a high voltage point discharge. The control animals were 
53 in number. Apart from the ion iza tion  o f the experimental group, both 
groups were subjected to the same conditions, i . e .  the same temperature, 
humidity and standard d ie ts  were provided fo r  both groups. A comparison 
o f the weight curves and mean values fo r  hemoglobin through the growth 
period of the ionized group w ith those o f the comparable control revealed 
no evidence o f a s ig n i f ic a n t  d ifference between the control and 
experimental groups. The mean a c t iv i t y  o f the experimental group was, 
however, s ig n i f ic a n t ly  greater than tha t o f the control group when the 
animals were 175 to 200 days o ld , and i t  appears tha t th is  d iffe rence 
in a c t iv i t y  was associated with the exposure o f the experimental group 
to an atmosphere containing a high concentration o f small negative ions.
1.7.3 B io log ica l Effects o f Ionized A ir  in Man
The l i te ra tu re  contains a va r ie ty  o f studies tha t ind ica te  tha t the 
ion iza tion  o f the atmosphere has b io log ica l e ffec ts  on normal subjects 
and patients with various diseases..
1.7.3.1 Studies on Normal Subjects
One o f the f i r s t  comprehensive studies of the b io log ica l and 
c l in ic a l  e ffec ts  o f ionized a i r  was carried out by Yaglou e t al_ in  
1932. The ions used by Yaglou were o f the small molecular type having 
an average m o b il i ty  o f 1.3 cm/sec/volt/cm in the breathing zone o f the 
experimental chamber. The en t ire  quantity  o f a i r  supplied to the room 
was ionized so that the subjects were wholly exposed to the influence 
of the ions. The concentration of pos it ive  and negative ions in
d i f fe re n t  experiments was varied from a minimum o f about 5000 per cc. 
o f a i r  to a maximum o f 1,500,000 per cc. o f a i r .  Yaglou also s p e c i f i ­
c a l ly  stated tha t the ion izers used were capable o f producing e ith e r 
pos it ive  or negative ions alone, to the exclusion of the other, or 
mixtures o f pos it ive  and negative ions in any desired quant it ies  and 
proportions. In essence, th is  inves tiga tion  studied the influence 
of small ions upon the metabolism, re sp ira t io n , pulse ra te , blood 
pressure and body temperature o f human subjects ly ing  on cots, (a) under 
basal condition ; (b) two to four hours a f te r  breakfast; and (c) three 
to f iv e  hours a f te r  a l i g h t  lunch. A l l  the experiments were conducted 
in a "psychrometric chamber" which was equipped with complete a i r -  
condition ing.
Yaglou's f ind ing  indicates tha t ionized a i r  ir respec t ive  o f p o la r i ty  
appears to exert a normalizing influence upon the organism by accelerating 
physiological processes in instances in which these were below the 
normal range of the m a jority  o f subjects, and conversely, by decreasing 
the physiological a c t iv i t y  in cases in which the functions were above 
the normal range. Yaglou's experiments show tha t the physiological 
response to pos it ive  and negative small ions did not seem to d i f f e r  
g rea tly . Certain differences were observed in the sensations produced 
by two kinds (p o la r i ty )  o f ions; pos it ive  ion iza tion  resulted in head­
aches and i r r i t a t i o n  in the nose and th roa t in some cases, whereas 
negative ion iza tion  induced re laxation  and c a e r  sensations o f a 
desirable character.
Wofford (1966) used 200 volunteers as subjects which were randomly 
selected fo r  the experimental and control conditions. A to ta l  o f  66 
males and 34 females were used in each group. The subjects had no
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p r io r  knowledge o f the variable under inves tiga tion . This research 
has had the fo llow ing  purposes:
(a) To investigate  the hypothesis tha t scores fo r  d iscrim ination  reaction 
time and manipulative d e x te r ity  when obtained under conditions of 
increased negative ion iza tion  o f the atmosphere d i f f e r  from those 
obtained under normal conditions.
(b) To determine whether negative ion iza tion  has a greater influence 
on simple responses than on more complex responses.
The resu lts  from the experiments have shown tha t increased negative 
ion iza tion  had a s ig n i f ic a n t  e f fe c t  upon latency o f reaction time 
(P < .01), but upon manipulative d e x te r i ty  the resu lts  revealed no 
d iffe rence under the d i f fe re n t  levels o f ion iza tion . Wofford also concluded 
that negative ion iza tion  tends to have an e f fe c t  upon those behavioural 
factorswhose variance is  h ighly associated with muscular e x c i ta b i l i t y .
As the re la t iv e  con tr ibu tion  o f muscular e x c i ta b i l i t y  to the variance 
in behaviour decreases, the s ign if icance o f negative ion iza tion  upon 
the behaviour w i l l  also tend to decrease.
Knoll 6 t _al_ (1961) carried out experiments concerning the influence 
of a r t i f i c i a l l y  generated atmospheric ions on the human simple reaction 
time. For th is  purpose an automatic e lec tron ic  visual reaction time 
meter was developed which included a random pulse generator con tro lled  
by nuclear rad ia tion  ( t r i t iu m )  fo r  s ta r t in g  the subjects ' l ig h t  pulse 
and over 12,900 tests were done. An influence o f l i g h t  atmospheric 
ions on the human reaction time has been found fo r  ion currents between 
10^ and 10^ inhaled ions per second or ion densities o f about 10^ to 10^
3
ion/cm . The resu lts  showed th a t inhaling pos it ive  or negative ions
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may increase or decrease the reaction time o f d i f fe re n t  people or even 
the same person a f te r  several hours. This e f fe c t  was not generally 
reproducible as to whether the reaction time would increase or decrease. 
Knoll attempted to explain th is  n o n -s ta b i l i ty  in several ways, but no 
completely sa t is fa c to ry  co rre la t ion  with other factors was found.
Slote (1961) investigated the e ffec ts  o f uni polarised, a r t i f i c i a l l y  
generated, ionized a i r  on human performance. Sixteen male subjects 
between the ages o f 24 and 56 years were used. The ion sourse used 
was a t r i t iu m  ion generator. Two such generators were used, one fo r  
the generation o f negative ions and one fo r  the generation o f pos it ive  
ions. These devices produce ions a t a rate o f 10 per second. The 
study was l im ited  to exposures of short periods o f time (15 to 25 
minutes). The tests employed measured several components of what might 
be regarded as human performance. No attempt was made to d i re c t ly  
evaluate the subjective or behavioural e ffec ts  o f the ions in question. 
The tests used were concerned p r im a r i ly  with motor response, sensory- 
motor response and sensory response.
The data presented in th is  study points to the fa c t  tha t the 
inadvertent production of pos it ive  ions by such factors as a i r -  
condition ing, a i r  po llu t io n  and hot a i r  space heating, could produce 
immediate effects, o f a detrimental nature on man's performance.
McDonald et aH (1967) have studied psychmotor and physiological 
tests on humans exposed to a i r  ions. In th is  study both psychomotor 
and physiological tests were performed with ions o f both p o la r i t ie s .
The resu lts  obtained from th is  experiment showed:
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(1) Analysis o f reaction time showed no d iffe rence fo r  pos it ive  or 
negative ion treatments a f te r  e ith e r  12 or 42 minutes o f exposure.
(2) In a l l  cases there was a decrease in  the heart rate with time but 
no e f fe c t  re la ted to ion exposure.
(3) In a l l  cases there was a s l ig h t  drop in resp ira t ion  rates with 
time. With pos it ive  ions th is  reduction was s l ig h t ly  less than fo r  the 
control group while w ith negative ions the reduction was greater than 
fo r  the contro ls . For e ith e r p o la r i ty ,  d iffe rence from the contro ls 
was not s ig n if ic a n t .  However, the d iffe rence between pos it ive  and 
negative ions was s t a t is t i c a l l y  s ig n i f ic a n t .
Another psycho-physical e f fe c t  o f breathing a ir - io n s  has been 
reported by Hawkins and Barker (1978). F o rty - f ive  healthy male 
subjects between the ages of 18 and 26 years were used fo r  study.
The tasks were measured under conditions o f  p o s i t iv e ly  ion ized, 
negative ly ionized and normal (indoor) a i r .  The subjects were randomly 
assigned to these three conditions. A corona discharge ion ize r was 
used. The resu lts  from the experiment indicated tha t there was a 
h igh ly  s ig n if ic a n t  improvement in performance of a l l  the tasks in 
the group exposed to negative ions, as compared to the "na tu ra l"  
environment con tro ls , when the time o f day e f fe c t  had been removed.
Aris ing from the fa c t  tha t the tasks were carried out a t d i f fe re n t
times o f the day, the analysis of variance indicated tha t a i r  ions
may have a d i f fe re n t  e f fe c t  at d i f fe re n t  times o f  the day and may there­
fore influence the normal c ircadian rhythm of performance.
Albrechtsen e t (1978) have investigated the influence o f small 
atmospheric ions on human well-being and mental performance. Two
experimental series were carried out in a c l im a tic  chamber. The high 
concentration o f small atmospheric ions were obtained by means of 
three ion generators. They blew a i r  over an « - radioactive source 
tha t produced pairs of ions. Ions o f the unwanted sign were se le c t ive ly  
captured by a metal g r id  held a t a high voltage.
In the f i r s t  experiment, s ix  female subjects were in d iv id u a l ly  
exposed to a high concentration o f pos it ive  atmospheric ions, negative 
atmospheric ions and no ions. Physiological measurements were made 
fo r :  resp ira to ry  ra te , pulse ra te , comfort temperature, and fec ta l and 
skin temperature. Mental performances were tested and subjective 
ra tings were recorded. No s ig n i f ic a n t  e ffec ts  o f pos it ive  or 
negative atmospheric ions were found.
In the second experiment, twelve male and female subjects were 
selected out o f 125 persons, a l l  tested in d iv id u a l ly  fo r  a fee l ing  o f 
discomfort when exposed to pos it ive  a i r  ions in  short se lection 
experiments. These subjects were exposed twice to the same three ion 
conditions as in experiment 1. The resu lts  showed again tha t the ions 
had no s ig n if ic a n t  e f fe c t .
1.7.3.2 Studies on A i l in g  Subjects
A large number o f publications on the app lica tion  o f  a r t i f i c i a l l y  
generated ions on humans has been conducted, and i t  is  often claimed 
tha t the e ffec ts  o f these ions are greater on sick people than on 
healthy persons. Experiments on patients with diseases o f the 
resp ira to ry  t ra c t  (asthma, hayfever) showed th a t  negative ions in  
general had a benefic ia l in fluence, whereas pos it ive  ions had no 
e f fe c t  or a detrimental e f fe c t .
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Treatment w ith negative ions was attempted fo r  a wide va r ie ty  o f 
disorders by Levine et al_ (1961). Seventy-five patients varying in 
age from 16 to 68 years old were treated. F i f t y  were females and twenty- 
f iv e  were males. The disorders studied included: asthma (30), 
b ronch it is  (9 ), a l le rg ic  r h in i t i s  and s inusitus (7 ), headache (4 ), 
hypertension (6 ), neurosis (10), a r te r io sc le ro s is  (4 ), a r t h r i t i s  and 
b u rs i t is  (3 ) ,  and peptic u lcer (2).
The device used in these c l in ic a l  studies produces negative ions 
through photo-electron emission. The energy source used v/as u l t r a ­
v io le t  l ig h t .  The resu lts  concluded ' from th is  experiment have shown:
( i )  Short exposures o f 45 minutes produced some bene fit  in fo r t y - s ix  
pa tien ts . No s ig n i f ic a n t  resu lts  were observed in the other conditions 
studied.
( i i )  Fo rty -s ix  pa tien ts , when exposed to the negative ions throughout 
the n ight fo r  a minimum of f iv e  n igh ts , showed exce llen t symptomatic 
r e l i e f  in 25 cases, good in 19, w ith no noticeable improvement in two 
patients.
Patients with bronchial asthma su ffe r  from a general h yp e r- re a c t iv ity  
in the airways to a number of s t im u li from inhaled a i r ,  l ik e  po llen , 
dust, fumes, c iga re tte  smoke and changes in  the weather. A ir  ions are 
often claimed to in te r fe re  with the asthmatic disease as a p re c ip i ta t in g  
fac to r (Albrechtsen e t  aL 1961). He has examined the influence o f 
l ig h t  a i r  ions on the revers ib le  obstruction in the airways o f  patients 
with bronchial asthma and the h yp e r-re a c t iv ity  o f the mucosa measured 
by the histamine s e n s i t iv i t y  in  the airways. F ifteen patients with 
bronchial asthma took part in the experiment, comprising seven women 
and e igh t men aged 16 to 48 years with duration o f  asthma from 2 to 43
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years. An alpha-radioactive source was used as an a i r  ion ize r. The 
resu lts  obtained from th is  experiment have shown a s l ig h t  but s ig n if ic a n t  
(a t the 5% leve l)  improvement in the lung function during pos it ive  as 
well as negative ion exposure fo r  15 minutes, but the pa tien ts ' 
subjective ra tings o f the a i r  q u a l i t ie s  did not show any changes due to 
ion exposure. No change in the histamine threshold o f the airways in 
s ix  patients with bronchial asthma was demonstrated during exposure 
to ions.
P a lt i  e t _al_ (1966) have investigated the possible e f fe c t  o f 
atmospheric ions on spastic resp ira to ry  attacks in in fa n ts . I t  would 
seem l i k e ly  tha t a study of in fan ts  below the age of 1 year would 
elim inate psychological fac to rs . The experiments were performed on 
nineteen in fa n ts , who were divided in to  two groups; the f i r s t  consisted 
o f s ix  in fants  hospita lized fo r  various reasons, and who were free o f 
any s p a s t ic i ty  o f the resp ira to ry  system; the second group included 
th ir teen  in fants  su ffe r ing  from asthmatic b ronch it is .
The source o f the ions was a corona discharge ion ize r which was 
o r ig in a l ly  constructed to introduce negative ions in to  the a i r .
The resu lts  obtained were:
( i )  Effects of pos it ive  ions
I t  can be seen that a l l  o f the subjects responded to the pos it ive  
ions. Their degree o f s p a s t ic i ty  increased from about zero to an 
average o f two a f te r  some 12 hours o f io n iza t io n . During the same 
period, two of the subjects showed an immediate increase in re sp ira to ry  
rate which averaged 20 to 25% a f te r  3 hours. When the concentration
of pos it ive  (or fo r  tha t matter negative ions) was decreased by a 
fa c to r  o f 10 to 20, the ions lo s t  th e i r  e f fe c t .  This fa c t  indicates 
that the e ffec ts  described were obtained with ion concentrations 
such as those found to be threshold concentrations in experiments 
done by Krueger (1959). According to Krueger's observation the
threshold value fo r  negative ions was approximately 2.5 x 10 ions/
2 4cm /sec. and fo r  pos it ive  ions i t  was in range between 1 x 10 and
2.5 x 105 ions/cn/Vsec.
( i i )  E ffects o f negative ions
A decrease in the degree o f s p a s t ic i ty  was accompanied by a 
decrease in resp ira to ry  ra te . In about h a l f  the cases, the re sp ira to ry  
response became apparent immediately. Continued observation o f the 
in fants  a f te r  cessation of negative ion iza tion  showed a number o f 
cases o f rebound or relapse of s p a s t ic i ty  or o f resp ira to ry  ra te .
Weather S e n s i t iv i ty
A connection between changes in the e le c t r ic a l  states o f the 
atmosphere and a va r ie ty  o f e ffec ts  experienced by so-called weather- 
sensitive  people has long been suspected. In addition to e ffec ts  
d i re c t ly  re lated to weather changes, certa in  geological areas 
characterized by unusual electro/atmospheric conditions, have become 
associated with e ith e r  the r e l i e f  or aggravation o f i l lnesse s .
During recent years a number o f workers have ascertained tha t such 
connections do in fa c t e x is t .  In many countries a certa in  type of 
weather, e.g. Sharav in Is ra e l,  Santa Anna in Southern C a lifo rn ia  and 
Sirocco in I t a ly ,  are known to have profound e ffec ts  on human beings, 
causing hyper-tension, depression, heart p a lp i ta t io n ,  a l le rg ic  reaction 
and resp ira to ry  d i f f i c u l t i e s ,  which, in tu rn , lead to a s ig n i f ic a n t
increase in accident and even suicide rates. Sulman (1971) in his 
report indicated th a t,  although the Sharav has l i t t l e  in common with 
the Fohn (another type o f wind) as regards the meteorological reasons 
fo r  i t s  occurrence, the two are s im ila r  both in th e ir  physical 
properties and in th e ir  psychological e f fe c ts .  The Sharav and Fohn 
are dry, warm winds, associated with a low a i r  pressure, a marked 
increase in ion concentration and a s l ig h t  increase in the pos it ive  
to negative ra t io .  In a fu r th e r  study by Sulman et al_ (1974), human 
weather s e n s i t iv i t y  was tested by questionnaires handed to a mixed 
group o f 100 randomly chosen people who had applied, because o f th e i r  
supposed weather s e n s i t iv i t y .  Forty-three o f them affirmed tha t they 
suffered from a typ ica l form o f weather s e n s i t iv i t y ,  experienced one 
to two days before the incoming Sharav. In th is  experiment negative
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and pos it ive  ions were generated by a corona discharge [3 .5  x 10 ions/ 
(cm . sec ) ] .  The records o f a i r  ion concentration taken during 1969 
drew the fo llow ing conclusions:
( i )  Increase in a i r  ion concentration preceded the o f f i c ia l  reports 
of the meteorological services on Sharav conditions by one to two 
days. This indicates the early  a r r iv a l  o f the ion iza tion  which trave ls  
with the speed o f f re e ly  moving ions, whereas the Sharav i t s e l f  trave ls  
the much lower speed o f 1 to 10 km/hr. Higher speeds occur only in 
exceptional cases.
( i i )  There was no f ixed or predictable co rre la t ion  between the degree 
of heat accompanying the Sharav, and a i r  ion concentration.
( i i i )  Likewise, the re la t iv e  humidity, which dropped below 38% RH as 
a typ ica l feature of the Sharav, did not correspond to the degree of
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a i r  ion concentration measured.
( iv )  The concentration o f pos it ive  a i r  ions was generally about 10% 
higher than that o f negative ions.
The resu lts  from th is  experiment have shown tha t when the subjects 
Were kept fo r  a period o f 2 hours in a room o f 28°C with an RH o f 25%, 
none of them complained (the ion level was not reported). I t  seems, 
therefore , tha t 43% o f the Sharav sensitive  people were affected by the 
high a i r  ion concentration. I t  was suggested tha t th e i r  subjective 
complaints may vary according to the quantity  o f ions encountered, and 
to the ob jective amounts o f serotonin released by them. Their complaints 
were re lieved e ith e r  by anti serotonin drugs or by the use o f an ion 
generator which emitted negative ions.
Regular comparative urine tests (Sulman, 1974), suggested three 
types o f reaction o f patients sensitive to the weather (Table 1.1).
The absence o f harmful e ffec ts  o f protracted negative a i r  
ion iza tion  has been studied by Sulman e t 1^_ (1978) in f iv e  weather- 
sensitive  women and f iv e  normal men chosen at random. Negative ions 
were generated by a corona discharge apparatus. The patients were 
exposed separately during 8 sleeping hours and 8 working hours to 
the apparatus a t a distance o f 1-2 metres in a 4 x 4 meter room fo r  
2 months. The resu lts  from th is  experiment showed urinary 17-KS, 17-OH, 
adrenaline and nonadrenaline excretion was not affected by the negative 
ion iza t ion . However, serotonin, 5-HIAA and histamine were in a l l  cases 
with high values - no matter whether they were normal or weather-sensitive 
ind iv idua ls  reduced to about 50% o f th e i r  former hormone leve ls .
TABLE 1.1
Three types o f Sharav reaction
Typical troubles tha t can arise with the 3 groups (Sulman 1974)
1. Catecholamine impoverishment, 
exhaustion syndrome, 44% o f 
pa tien ts , troubles increasing 
from year to year.
2. Secretion o f Serotonin 
i r r i t a t i o n  syndrome, 43% of 
pa tients .
D i f f i c u l t ie s  occur in p a rt­
ic u la r  1 to 2 days before the 
• Fohn when the ion iza tion  of 
the weather f ro n t  attacks 
the pa tien t.
3. Hyperthyrosis, "forme f ru s te " ,  
in 13% of pa tients . Urine 
find ings almost a l l  increased.
Hypotension, tiredness, apathy, 
exhaustion, depression, confusion, 
reduced concentration, a tax ia , 
adynamia, hypoglycemic attacks 
with the urge to eat between meals.
Insomnia, i r r i t a b i l i t y ,  tension, 
migraine, nausea, vomiting, scotom, 
amblyopia, oedema, heart p a lp i ta t io n ,  
heartburn, dyspnoea, a g ita t ion  with 
sweating or sh ivering, head colds, 
c o n ju n c t iv i t is ,  la r y n g i t is ,  
pharyng it is , t r a c h e i t is ,  giddiness, 
tremors, hype rpe r is ta ls is ,
Mixing o f the symptoms o f the 1st 
and 2nd groups with typ ica l thy ro id  
gland d i f f i c u l t i e s :  S e n s i t iv i ty  to 
heat and cold, accelerated pulse, 
heightened B.M.R., sweating, 
diarrhoea, a l le rg ic  reactions, 
reddening o f the sk in , acne, weight 
loss despite increased appetite , 
excessive activeness.
Wounds and Sores
In 1969, Ursu used negative ionized a i r  in the treatment o f 
four paraplegic patients with sores, which did not heal w ith the 
usual treatment. The resu lts  have shown the p o s s ib i l i t ie s  o f  the 
improved treatment in such pa tients .
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, Kornblueh e t al_ (1960) have repeatedly exposed e ighty patients with 
burns o f various degrees to negatively ionized a i r  w ithout any i l l - e f f e c t s .  
A marked sedative and analgesic influence was observed in a large number 
o f pa tien ts .
1.8 The Physiological Mechanisms o f Aeroions
/
Within the la s t  two decades several hypotheses have been introduced 
to explain the physiological mechanism of a i r  ion action on animals 
and human beings. These hypotheses have mainly postulated inha la tion  
o f a i r  ions as the primary agent o f treatment, although some e ffec ts  
appear to arise from sup erf ic ia l exposure, tha t is  w ithout inha la t ion . 
Vas il iev  (1960) pointed out tha t aeroions may act upon the organism 
in two ways:
(1) re f le x ly  ( in d ire c t ly )  i r r i t a t i n g  the pulmonary in te rocep to rs ;
(2) humorally (d ire c t ly )  penetrating in to  the blood through the c e l lu la r  
layer o f a lveo lar epithelium.
Vas il iev  showed, using re f le x  mechanisms, tha t there is  a decrease in  
the e f fe c t  o f aeroions on the e x c i ta b i l i t y  o f skeleta l muscles a f te r  
exclusion of the re f le x  action by sectioning o f the pulmonary branches 
of the vagus. The presence o f a d ire c t ,  humoral adsorption has been 
proven by demonstrating a p a r t ia l  preservation o f the influence o f the 
ions on the e x c i ta b i l i t y  of muscles a f te r  a b i la te ra l  section o f the 
pulmonary branches of n. vagi. Varia tion in the e x c i t a b i l i t y  o f  muscles 
and in blood pressure also has been shown by V as il iev , in  experiments 
o f crossed blood c irc u la t io n .
In 1959 Krueger et aj_, by d ire c t  measurement, found tha t negative a i r  
ions reduced the amount o f free 5-HT normally present in the tracheae
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of mice and rabb its . Results obtained from th is  experiment completed 
the evidence which enabled Krueger to put forward his Serotonin 
Hypothesis.
When Krueger exposed guinea pigs to negative ions and co llected a l l  
the ur ine , they observed a considerable increase in the amount o f 
5-hydroxyindolacetic acid (5-HIAA) an inactive  end product o f the 
oxidation o f 5-HT. These data suggested tha t negative a i r  ions lower 
t issue levels o f 5-HT by accelerating an enzymatic oxidation process. 
Such a mechanism was consistent w ith the evidence o f e a r l ie r  experiments 
ind ica ting  tha t negative a i r  ions can a f fe c t  t issue oxidative reactions. 
When Krueger e t ail_ (1959) exposed tissue homogenates in v i t r o  to large 
doses o f negative ions the rate o f conversion o f  succinate to fumarate 
was noticeably increased. The a b i l i t y  o f negative a i r  ions to speed up 
one phase o f the aerobic metabolism o f carbohydrates in the c r f r i c  acid 
or Kreb's Cycle, was demonstrated. S im i la r ly ,  treatment o f the reduced 
form of cytochrome C with negative ions speeded up the formation o f the 
oxidized form. Later i t  has been observed by Krueger et (1968-1969) 
in experiments with plants tha t a i r  ions increased the uptake o f i ro n , 
promote production o f cytochrome and other iron-conta in ing enzymes, 
and enhance oxygen consumption.
Many tissues contain the enzyme monoamine oxidase. Because the 
ch ie f metabolic route fo r  removing serotonin depends on oxidative 
deamination by monoamine oxidase, Krueger e t al_ (1966) have advanced 
the hypothesis tha t small negative ions s tim ula te, while small po s it ive  
ions block, monoamine oxidase action , thus producing, respec tive ly , 
a drop or r ise  in the concentration o f free 5-HT present in ce r ta in  
tissues e l i c i t i n g  a corresponding physio logica l response.
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This theory is supported by much experimental evidence. For example, 
work carried out by Krueger e t al_ has shown tha t negatively ionized 2% 
or 4% carbon dioxide produced a f a l l  in blood leve ls o f serotonin in 
mice and p o s it iv e ly  ionized gas elevated in serotonin at both 2% and 4% 
CO^ e In add it ion , i t  has been found by Krueger e t a]_ tha t the brain 
content of serotonin was also responsive to the ions o f the a i r .
Other investigators have found s im ila r  evidence to support th is  
postulated mechanism. G ilb e r t  (1973) has studied the e f fe c t  o f small 
negative ions on the emotional behaviour and brain serotonin level in 
ra ts . The re s u lt  showed tha t iso lated untreated subjects were much more 
reactive to handling and had higher leve ls o f serotonin than did 
iso la ted subjects undergoing continuous ion treatment. Thus, continuous 
treatment w ith negative ions was e f fe c t iv e  in  reducing both 'emotion* 
and serotonin, and th is  supports the f ind ings o f Frey (1967).
Serotonin (5-hydroxytryptamine or 5-HT) is  a very powerful and 
ve rsa t i le  neurohormone. For example, i t  is  capable o f  inducing profound 
neurovascular, endocrinal and metabolic e ffec ts  throughout the body.
I t  is  concerned with the transmission o f nervous impulses and occurs 
in considerable quantit ies  in the lower midbrain, where i t  plays 
important ro les in such basic patterns o f l i f e  as sleep arid our 
evaluation o f mood.
Brodie £ t  aj_ (1959) have suggested on the basis o f c ircum stantia l 
evidence tha t 5-HT partic ipa tes in  central neuro-transmission ju s t  as 
acetylcholine does in peripheral synaptic transmission, being l ibe ra te d  
in an active form only momentarily and then being ra p id ly  destroyed.
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Biosynthesis o f serotonin
The pathway fo r  the biosynthesis o f serotonin is i l lu s t ra te d  in 
Figure (1 .1 ). In normal humans th is  biosynthesis can be t o t a l l y  
accomplished almost exc lus ive ly  in enterochromaffin c e l ls ,  the pineal 
gland, and in  selected parts o f the central nervous system (Douglas 
1970 and Lovenberg 1968). Tryptophan is  derived from d ie ta ry  
sources. In the normal adult human approximately 2% (10 mg) o f the 
average d ie ta ry  intake o f tryptophan is  converted to serotonin d a i ly .
This f igu re  is  approximately equal to the to ta l body content o f 
serotonin.
Metabolism and Excretion
Pathways fo r  the metabolism o f serotonin are i l lu s t ra te d  in 
Figure (1 .2 ). Q uan tita t ive ly , the pathway that is  by fa r  the most 
s ig n if ic a n t  fo r  serotonin catabolism has i t s  end product 5-hydroxyindole- 
acetic acid (5-HIAA) (Sjoerdsmas 1959). The i n i t i a l  step in  th is  path­
way is  catalyzed by monoamine oxidase (MAO), a term used to designate 
a number o f enzymes tha t have in common the capacity to catalyze the 
ox idative deamination of many monoamines; Sourkes (1968) and Gorkin 
(1966). This enzyme is d is tr ib u te d  widely in most human tissues; 
i t  is  p a r t ic u la r ly  concentrated in those tha t manufacture serotonin. 
(Levine and Sjoerdsma,,1963).
The s ign if icance o f the experimental evidence presented in  the 
l i te ra tu re  is  tha t the serotonin metabolism o f mammals is  responsive 
to the a i r  ion composition o f the ambient atmosphere and th a t the induced 
s h i f ts  in  tissue leve ls o f serotonin a f fe c t  a va r ie ty  o f physio logica l 
processes- (Krueger, 1975).
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Some Pharmacologic Effects o f Serotonin *1 are shown in the fo llow ing 
tab le.
System Response
Vascular
Most a rte r ies Vasoconstriction (M) *2
Most veins Vasoconstriction (M)
Skeletal muscle a r te r ies Vasodilation (M)
Blood Pressure Increases (M)
Capilaries Increases permeability (M)
Heart
Force o f contraction Increased (m) *3
Rate Increased (ra)
E x c i ta b i l i t y Increased (m)
G astro in testina l smooth 
muscle
Small in te s t in e Contraction (M)
Stomach Relaxation (m)
Large in te s t ine Relaxation (ra)
Bronchial smooth muscle Constriction (m)
Most other smooth muscles Constriction (Mm)
Gastric secretion
Acid Decreased (M)
Mucus Increased (m)
Sensory nerves Stimulates pain and itch in g  (M)
Glycogenolysis Increased through ac t iva t ion
of adenyl cyclose (m)
Adrenal medulla Catecholamine release (ra)
*1 Data from Douglas W.W.: In Goodman L.S. and Gilman A. (eds.): 
The Pharmacological Basis o f Therapeutics, 4th ed. New York, 
the MacMillan Co.
*2 M : Major e f fe c t
*3 m : minor e f fe c t
1.9 Basis o f Human Performance
The study o f human performance analyses the processes involved in 
s k i l le d  performance, studies the development of s k i l l s ,  and attempts 
to id e n t i fy  factors  which l im i t  d i f fe re n t  aspects o f performance.
Learning is  a re la t iv e ly  permanent change in performance tha t can 
be shown to be the resu lts  o f experience (Walker, 1967).
I t  is  convenient to d is tingu ish  between two broad classes o f 
learned s k i l l s :
(1) Perceptual-motor s k i l l s ,  which involve responses to real objects- 
in the spatia l world;
(2) Language s k i l l s ,  which involve the manipulation o f  signs and symbols.
Perceptual motor s k i l l s  can be broken down fu r th e r  in to  three 
more spec if ic  categories o f performance: gross bodily  s k i l l s ,  manipulative 
s k i l l s  and perceptual s k i l l s .
Most o f the s k i l l s  so fa r  re ferred to can be thought o f as in form ation- 
processing s k i l l s .  Man receives information from his environment through 
some form of physical energy ( l i g h t ,  pressure, electromagnetic heat, 
chemicals, e tc ) .  This environmental information is  coded by man's 
sense organs in to  patterns o f neural e x c ita t io n , Walker (1967), which 
are then stored and re s u lt  f i n a l l y  in patterns o f overt behaviour.
The Chain o f Mechanisms
The diagram in Figure (1.3) has been designed to id e n t i fy  the 
p r inc ipa l mechanisms involved in human performance.
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FIG. 1.3 Hypothetical block diagram of the human sensory-motor system
From (A.T. Welford; Lyle E. Bourne, J r . )  1976, S k il led  Performance: 
perceptual and motor s k i l l s ,  Published by: Scott, Foresman and Company
The sense organs f a l l  in to  two groups. One group consists o f receptors 
which receive data from external sources - eyes, ears, nose, mouth and 
skin. The other group are in te rna l receptors in muscles, tendons and 
jo in ts .
The e ffec to rs  also f a l l  in to  two groups. One including the hands, 
fe e t,  vocal organs and the other instruments o f the voluntary muscles. 
The other consist o f the various reactors o f the autonomic system,
which are not normally under voluntary con tro l.  The three major 
d iv is ions  o f the central mechanism deal respective ly w ith perception, 
tra ns la t in g  perception to ac tion , and the c o n tro l l in g  o f action.
The means of id e n t i fy in g  such stages and what is  done in each have 
been discussed by Sternberg (1969b). The separation between perception o f 
signal, and choice o f response is  indicated by experiments on reaction 
time in  which the directness with which a signal was linked to a 
response was varied. For example, when responses have to be made by 
pressing keys under d i f fe re n t  f ing e rs , the rate o f increase in  reaction 
time to in d ire c t  signals is  less when the signals are v ib ra tions  
delivered to the t ip s  of the fingers concerned, than when they are 
l ig h ts  on a panel (Leonard, 1959; Smith, 1976). I t  is  also less when 
l ig h ts  are immediately next to th e i r  corresponding keys than when they 
are scattered in a random pattern on a panel (Crossman, 1956). The 
r ise  is  also less when, although several d i f fe re n t  signals are given, 
a response is  required to only one, or when d i f fe re n t  responses are 
required to two or more (Donders, 1868; Brebner and Gordon, 1962,
1964; and Wei fo rd , 1968). Experiments on performance ind ica te  tha t 
two main factors w i l l  a f fe c t  performance. Examples include personal 
factors such as m otivation, and external factors  such as adverse 
environment, temperature, noise and d is t ra c t io n .
Performance is  always determined by the level o f motivation as 
well as by the extent o f learning. Motivation refers to a c t iv i t y  
le ve l,  a lertness, fa tigue and other factors  besides learning which 
determine human output at any moment. Incoming data from the sense 
organs bu ild  up deta iled ac tiva t ion  in the main chain o f central 
mechanisms which leads to spe c if ic  action. Neurological evidence has
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also shown tha t there is  a secondary system which supplies a more 
d if fu se  stim ula tion and causes a widespread nonspecific a c t iva t io n .
This secondary system appears to be the basis o f the arousal, not only 
making the d ifference between sleep and wakefulness, but also providing 
subtle changes in  the level o f arousal from moment to moment (Hulbert, 
1957; Michaels, 1960; and Taylor, 1964).
Fatigue
The de te r io ra t ion  o f performance when a s tressfu l task is  continued 
fo r  a long time or loss o f motivation has t r a d i t io n a l ly  been a t t r ib u te d  
to fa t igue . The human system behaves in such a way tha t movements are 
enacted a f te r  information is received. These signals are perceived 
and decisions about them are made. Fatigue apparently affe.cts p r im a r i ly  
the control processes involved between information rece ip t and the 
in i t i a t io n  of movement. Fatigue may also be expected to  in h ib i t  
learning and make performance e r ra t ic .
Environmental Factors
Work output is  also re lated to the environment: temperature* noise, 
l igh tn ing  and the l ik e .  Many studies have been undertaken in in d u s tr ia l  
psychology to determine optimal working conditions. I t  would stand to 
reason tha t there is  an optimal environment fo r  learning and performing 
motor tasks. The l i te ra tu re  is  too extensive, so one inve s tiga tio n  is  
presented as an example.
Various heat stress environments were created and subjects ' 
performance recorded on a tracking task and a reaction-time task, with a
peripheral stimulus presented simultaneously. The temperatures in each 
environment was 29.38°C, 32.11°C and 31.33°C respective ly . The subject 
was tested in one o f these environments as well as in a comfortable 
environment. Azer, McNall and Leung (1972) found tha t the 32.11°C 
environment created a s ig n if ic a n t  de te r io ra t ion  in  tracking and increase 
in reaction time. Performance worsened with prolonged exposure to heat 
s tress, as might be expected. The in te rp la y  o f environment w ith 
performer is  most obvious with the re la t iv e ly  unsk il led . But regardless 
o f s k i l l  le v e l,  a l l  environmental factors constitu te  a system o f  
considerations that should be recognized and understood in  order to 
(1) analyse human behaviour more adequately, and (2) design environments 
more compatible with learner competencies and ch a rac te r is t ics .
Summary o f  the important experiment variables gathered from th is  survey 
o f the l i te ra tu re
Experimental variables:
I ' Ion Generators
A r t i f i c i a l  generation o f  airborne ions can be accomplished by any 
one o f  the seven methods in general use.
(1) Incandescent materia ls - Thermionic emission produces copious
amounts o f  ions but has the disadvantage o f changing the temperature 
o f  the treated space by adding thermal energy to the a i r .  I t  also 
a ffec ts  the pa rt icu la te  matter which may come in to  contact w ith 
the heated element.
(2) Corona or high voltage discharge - This method also produces copious
amounts of ions but one must be aware of ozone and oxides of nitrogen 
which accompany th is  process.
(3) Dust ions (MgO) -  With th is  method one has to consider the possible 
e ffec t of pharmacologically in e rt dust partic les  on lung tissue, 
especially  in the lig h t of studies on dust-induced pneumoconiosis. 
This method also contributes particu la te  matter to the treated a ir .
(4) Radioisotopes (polonium or tr itiu m ) -  This method gives a p le n tifu l 
supply of ions not accompanied by ozone. The distance from the 
generator is important in order to ensure that the e ffects  are 
due to ionized a ir  and not to the d irec t action of alpha or beta 
rad ia tion .
(5) X-Rays -  Dessaure (1931) states that with X-rays a concentration of
I3
5 x 10 ions per cc could be obtained. This is not s u ff ic ie n tly  
high to be a very practical method. Apart from being in s u ff ic ie n t,  
there is also the danger o f stray radiation affecting  the subject.
(6) Atomized water -  Atomization o f water results in the production o f 
a ir  ions by breakdown of water droplets and large positive and small 
negative ions are produced (Lenard E ffe c t) , but the increase in
the humidity in the conditioned space during the use of th is  sort 
of io n izer has been a problem.
(7) Photo-ionization (u ltra  v io le t)  -  This method consists o f the 
photoelectric emission of electrons when radiant energy (UV) in  
the form of electromagnetic waves, s trikes the surface o f a metal. 
This method also produces ozone.
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I I  Ion Sizes
Contemporary physicists divide airborne ions into three groups 
according to th e ir  size. Low mobility or large ions do not penetrate 
into the lungs and thus are considered to be re la t iv e ly  b io log ica lly  
in e ffec tiv e . On the other hand, high mobility or small ions usually 
penetrate into the respiratory trac t (Krueger 1968 and Schaefer 1969).. 
I t  is important to note that these small ions may pick up moisture in 
the respiratory trac t and change th e ir  mobility to lower values such 
that they may no longer penetrate into the bronchioles and a lveoli 
(Table 1 .3 ) .
TABLE 1.3 Mobility range of d if fe re n t ions according to the 
indicated authors
Classification Mobility Range Worker
small (or l ig h t)  
ions
> 0.13 (cm /sec/V/cm)
> 0.3
Nagy
Beckett
intermediate
0 . 5 - 2  
0.001 -  0.13 
0.005 -  0.3  
> 0.02
Knoll 
Nagy 
Beckett 
Carrado et al
large (or Langevin) 
ions
< 0.001 
< 0.005
Nagy
Beckett
I I I  Ions Meters
Early investigators used electroscopes which are gross measures 
and re la t iv e ly  unreliable. Most measuring devices for this purpose
are based on instruments designed by Ebert. Additional refinements 
and m ultip lication of the number of collectors permit simultaneous 
quantitative of d iffe ren t m obilities of both p o la r it ie s . The voltage 
on the collecting electrodes is important as this determines the size 
of the ions which are collected.
IV Atmospheric Factors
The variation of the ion content with various weather parameters 
shows, in general, a high re la tive  humidity which tends to reduce the 
number of small ions and to increase the number of large ions: there 
is an inverse relationship between ion concentration and temperature; 
decreasing barometric pressure brings about an increase in ionization.
V Concentration and time of Exposure
The factors concentration (dosage) and duration are not well 
described, neither has i t  been established that i f  a maximum 
concentration is exceeded then detrimental effects occur. Time of  
exposure, whilst probably not harmful, may reverse a l l  i n i t i a l  
findings. The question of the ion concentration reaching the subject 
becomes important in the l ig h t  of ion adsorption on surfaces.
VI Human Variables . . •
Individual tolerance and individual s e n s it iv ity  are the two 
factors which in conjunction with the nature of the subject, the • 
subject's physiological s ta te , the subject's sex, determine the 
response e l ic i te d  from exposure to ionized a i r .
55
1.10 Conclusions from the Literature
Although the l i te ra tu re  tends to suggest a beneficial influence 
for the negative ions and the contrary influence with positive ones, 
the nature and significance of these partic les have not been c learly  
demonstrated. The results obtained from d iffe ren t investigators are 
not reproducible and sometimes contradictory. Most of the published 
studies can be c r i t ic iz e d  fo r  deficiencies in instrumentation or 
control of the experiments. Thus, although there are supports for  
the polar positions that ions do and also ions do not have s ign if icant  
biological e ffec ts , there is no d e fin ite  basis for deciding whether 
ions do or do not have a s ign ificant biological e f fe c t .  From the 
l i te ra tu re  i t  would appear that a i r  ions are continuously present in 
the atmosphere, with a preponderance of positive ions. However, 
various factors (e .g. heat and radioactive sources) can rad ica lly  
change the ion concentration and ra t io .  For both signs (positive and 
negative ions) the ions are c lass ified  by th e ir  size or m obility .
The small ions are the d irect product of ionization of atoms and 
molecules in the atmosphere due to d if fe re n t  sources of energy.
Large ions are formed by the attachment of small ions to the already 
present partic les suspended in the a ir .  Several hypotheses have been 
introduced to explain the physiological mechanisms of a i r  ions.
Some of these hypotheses have postulated the primary mode of entry  
of a ir  ions by absorption through the respiratory system and a lte r ing  
tissue hormonal le v e l,  while the others have emphasised the s ign if ican t  
physiological effects resulting from superficial exposure. At present 
there is no clear understanding of the physiological e ffec t  on ions 
and much more work needs to be done on the mechanisms by which a i r  ions 
exert these effects . This fact makes i t  essential to exercise extreme 
caution in deciding whether or not ions are responsible for a given
biological reaction.
The l i te ra tu re  also strongly supports the possible therapeutic 
property of ionized a i r  as determined by the many c lin ic a l investigations  
on various disease processes in man. There is good evidence, both from 
laboratory and f ie ld  studies that natural clim atic variables do a ffec t  
the state of health in some individuals. Although studies of these 
weather conditions (e .g . Khamsin) are largely  ambiguous, the results  
indicate a change in the e lec tr ica l state of the atmosphere before the 
onset of weather, and this is accounted as the cause of human behavioural 
changes. The l i te ra tu re  on the effects of ionized a i r  on human 
performance is scanty and the information that does exist is apparently 
incomplete and sometimes contradictory. These non-uniform results are 
probably due to the lack of standardisation of experimental conditions 
and instrumentation, such as ion generators, ion meters, atmospheric 
factors, concentration and time of exposure and subjects.
1.11 General Design and Aim of Experiment
Chapter 3 : Circadian rhythm of performance -  The aim of this experiment
is to determine whether negative ions influence the circadian rhythm of  
performance, urinary excretion and body temperature.
Chapter 4 : Psychomotor performance The aim of this series of
experiments is to determine whether and under what conditions negative 
ions have an e ffe c t  on human psychomotor performance.
Chapter 5 : Perception of pain with reference to rheumatoid a r th r i t is .
The aim of this experiment is to determine whether negative ions influence 
the perception of pain and whether the negative ions influence the excretion 
of 5HIAA and 3HAA in patients. In a l l  of the experiments the environmental 
factors (e .g. temperature, humidity and a i r  velocity) were kept constant 
and ionization was altered as the only variable. The experiments were 
carried out in the environmental chamber of the Human Biology Department, 
University of Surrey.
CHAPTER 2 
GENERAL METHODS AND MATERIALS
2.1 EQUIPMENTS
a) The Chamber
The environmental chamber in the Department of Human Biology 
and Health at this University is designed so that temperature, humidity 
and a i r  flow can be controlled and to prevent external interference as 
fa r  as possible. The main chamber is surrounded by an external chamber 
where the experimenter is housed and o f f  which there are t o i le t  
f a c i l i t i e s .
Lighting remained unaltered throughout and was equivalent to a 
w e l l - l i t  lounge room. The l ig h t  was a l l  a r t i f i c i a l  as there are no 
windows in the chamber. Noise levels which varied s lig h t ly  as instruments 
were turned on and o f f .
/
The chamber was a i r  conditioned. The a i r  entered through four 
vents in the ceiling and l e f t  through two outlets in one o f the walls .
In order to prevent s ta tic  bu ilt-up on the chamber an earth lead 
was fixed to the structure and connected to a cold water pipe outside 
the building.
The internal dimensions of the chamber are approximately: 
length: 3.65m, breadth: 3.04m, and height: 2.13'm. Thus the tota l in te rn a l  
volume is 23.63 cubic meters.
b) The A ir Ionizer
This apparatus is based on the corona discharge princip le . A high 
negative d irect current potential of about 5 KV is applied to a fine
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FIG, 2.1 AIR IONISER APPARATUS
A TERMINAL BLOCK 
B FAN
C HIGH VOLTAGE SOURCE AND CORONA NEEDLES
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wire. The high e le c tr ic  stress produced causes electrons to be liberated  
at the wire surface. The liberated electrons are accelerated out into 
the surrounding a i r  under the influence of the e lec tro sta tic  f ie ld ,  
created by the probe po ten tia l, where they are captured by a i r  molecules 
to form negative ions. The a ir  ions are blown out into the surrounding 
atmosphere by a fa n , Medion, model EC 300 (c f .  Fig. 2 .1 ) .
c) The Ion Detector
The apparatus used is based on the principle of the Ebert counter.
This sort of ion counter usually has three major parts:
( i )  an ion collector
( i i )  a device to measure the charge accumulation on the collector
( i i i )  a device to keep a constant rate of a i r  flow through the co llecto r.
In the type 134 counter used (Medion Ltd) the measuring head 
contains three plates, suitably spaced. The a i r  being passed through 
the spaces between the centre plate and the two outside ones mounted 
para lle l to i t .  The outer plates are connected together and maintained 
at zero potentia l. The inner plate is charged to 170 V. e ither  
positive ly  or negatively to create a f ie ld  of 170 V/cm which is optimum
for the collection of ions with m obilities greater .than 0.05 cm/sec/V/cm.This
inner plate is connected to a current measuring c irc u it  of high 
sen s it iv ity  and s ta b i l i ty ,  and serves to co llect ion under the influence  
of the polarising plate . When the polarising potential is negative, 
the negative ions are deflected to the signal plate and visa versa.
The current output from the am plif ier, which is l in e a rly  related to
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3the ion current is calibrated in terms of ions cm and displayed on
the meter (Fig. 2 .2 ) .
d) Reaction Time Apparatus
The reaction timer board consists of three pieces of hardboard, 
coloured black and joined together to form three sides of a cube.
The board is placed on a table and the subject is seated in front of i t .  
so that one piece of hardboard faces the subject, while the other 
two act as side walls , cutting o f f  the la te ra l vision of the subject.
A small red l ig h t  bulb is located on the board facing the subject, at  
eye le v e l . The set of headphones, for  the subject to wear, and a 
hand button-push are also attached to the board. On commencement of
the te s t ,  e ither the bulb is l i t  or sound is made in the headphones,
and the d ig ita l  clock on the reaction timer is started. The clock 
is stopped and the stimulus-response interval is recorded automatically  
when the subject depresses his hand button. The reaction timer is  
set to give e ither l ig h t  or sound stim uli. The signals are given at 
random time intervals to avoid anticipation (F ig . 2 .3 ) .
2.2 Bead Threading
This is a simple task which affords an objective index of the 
speed of a simple voluntary movement where the emphasis is placed on 
the speed rather than a high degree of precision of coordination.
The method is involved to make ski 11-contro lling manipulation 
of small objects involving primarily the fingers, under speed condition.
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The subject was asked to thread the beads as quickly as possible 
and score was measured by the number threaded in two minutes. The 
advantages of this task are sim plic ity  and lack of practice trends.
2.3 Core Temperature
The core temperature has been measured by a temperature sensing 
pad which is constructed as a m ult i- layer sandwich using f le x ib le  
materials (Deep Body Thermometers Ltd).
The probe contains two closely matched thermistor temperature 
sensors separated by a f le x ib le  insulating layer. The inner sensor 
is the body-temperature monitor and is  in contact with the skin. The 
outer sensor is covered by an e le c t r ic a l ly  heated layer which is in 
turn covered by further insulating layers. The two sensors are coupled 
to a comparator which switches fhe heater on when the temperature of  
the outer sensor fa l ls  below that of the inner. The on and o f f  cycling 
of the heater is so arranged that the net flow of heat across the 
probe approximates to zero. The probe is attached to the skin by 
double-sided sticky top'(Fox et al_ 1971 , 1973).
To measure the skin temperature i t  was decided to use one 
thermister which was placed on the inside of the l e f t  forearm, about 
twenty cm up from the w rist jo in t .
2*4 Estimation of 5-Hydroxyindoleacetic Acide (5HIAA) in Urine
The assay of 5-HIAA was according to Contractor (1966). 5-HIAA 
in urine adjusted to 0*1. N with HO was adsorbed on G-10 sephadex and
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could be quantita tive ly  eluted from i t  in a small volume of 0.02 N 
NH^ OH. The 5-HIAA was then estimated f lu o r im etr ica lly  by establishing  
techniques for 5-Hydroxyindol.
Methods:
(1) Preparation of column
G-10 Sephadex (1 gr) was slurried in 0.1 N HC1 and poured into a 
glass column (in ternal diameter 1 cm, height 35 cm). The Sephadex 
was allowed to se tt le  by gravity on a base formed by a pledget o f  
cotton wool taking the usual precautions for prevention o f a i r  
bubbles in the column.
(2) Treatment of urine
One m i l l i l i t r e  of urine mixed with 10 ml of 0.1 N HCl was allowed 
to drain through the Sephadex column which was then washed with 10 ml 
of 0.1 N HC1, followed by 5 ml of d is t i l le d  water. The adsorbed 
5-HIAA was eluted with 5 ml of 0.02 N NH^ OH and a suitable a liquat  
of this e lvate , diluted with an equal volume of 6 N HC1. The re la t iv e  
fluorescence in tensity  (RFI) of this solution was determined in an 
PERKIN-ELMER type MPF-3 spectrophotofluorimeter set fo r  activation  
at 295 my and fluorescence at 535 my. One drop of a saturated solution  
of potassium persulphate in water was next added to the solution with 
thorough mixing. A fter 2-3 minutes the (RFI) of the mixture was again 
determined, and this value which represented the urine 'b lank1, was 
subtracted from the original RFI to give the corrected RFI of 5-HIAA.
(3) Standard curves
5-HIAA 98-100% was dissolved (a) in water, (b) 0.02 N NH^ OH and
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diluted to give concentration between 1 yg and 10 yg per ml. The 
solution was adjusted to 3N with concentrated HCl and the RFI determined 
immediately. Corrected values of the RFI were obtained by subtracting 
the ‘ blank1 reading a f te r  the addition of the potassium persulphate 
solution, and the standard curves plotted; Fig. ( 2 .4 ) .
The spectrophotofluorimeter was standardized by adjusting the RFI 
of a standard solution of quinine in 0.1N (activation wavelength
355 my, fluorescence wavelength 455 my) to a known value, by means of  
the s e n s it iv ity  control.
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CHAPTER 3
EFFECTS OF NEGATIVE AIR IONS ON 
HUMAN CIRCADIAN RHYTHM OF PERFORMANCE
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3.1 Introduction
3.1.1 General Review
Circadian rhythms are the most common type of biological rhythms 
observed and re fer to physiological and behavioural functions which 
recur in the same sequence over a period of time approximating to 
twenty-four hours. Periodicity  and rhythm are used synonymously and 
re fer to the phenomena of recurring cycles.
Biological rhythms is a derivation from the Greek terms bios ( l i f e )  
and rhythmos (flow ). The word rhythm i t s e l f  used for natural phenomena 
is metaphoric denoting period ic ity  in units of time. The investigation  
of biological time structure concentrates on a similar periodic charac­
te r is t ic  of the organism and osc il la t ion  in the behavioural pattern of 
the individual is considered to be a basic property. The spectrum of 
the period lengths in which the behaviour fluctuates is varied, consisting 
of ranges from cycles per second to cycles per year, including rapid 
c e llu la r  rhythms at the one end to the a c t iv i t ie s  of the organism as a 
whole on the other end.
3 .1 .2  Classification of Rhythms
The three important spectral c lassifications of human rhythms are 
(a) u ltradian , (b) circadian, (c) infradian.
(a) Ultradian rhythm
By analogy to the physical c lass ifica tion  of u ltra  v io le t  radiation or 
ultra  sound, these are high frequency rhythms with period length of less 
than twenty-four hours. This rhythm includes such functions as respiration
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and brain wave changes.
(b) Circadian rhythm
The term is a derivation from Latin , circa (about) and dies (day), with 
a period of 24 hours. Almost a l l  bodily functions which are amenable 
for  measurement exhibit a 24 hour fluctuation. The most commonly 
recognised example of a circadian rhythm is the recurrent phenomenon of 
nocturnal sleep. Other human circadian rhythms which have been c learly  
demonstrated are those of the metabolic processes, urinary excretion of 
e lectro ly tes , etc.
(c) Infradian rhythm
This is again analogous to the physical c lass ification  of in fra  red 
radiation or in fra  sound, that is ,  low frequency rhythm, which is further  
subdivided into circasetidian (weekly), circatririgten (monthly) and 
circannual (seasonal) rhythm.
Man, animals and plants, existing in an environment rich in cyclic  
variation are bound to regulate th e ir  functions of growth and behaviour 
to one or more periodic factors.
A timing capacity geared to the periodic variation of the natural 
environment is indeed a most useful a ttr ib u te ;  however, i t  does not 
follow that the rhythm control mechanism is external. As a matter of 
fa c t, there are two diagonally opposite control theories about the 
occurrence of rhythms. One viewpoint stresses the endogenous ( in te rn a l)  
or spontaneous generation of rhythms, (Aschoff, 1960), resulting from 
a self-contained feedback system - master o s c il la to r  in the organism 
which is independent of the external environment. The other viewpoint 
emphasises the exogenous (external) generation of rhythms (Brown, 1960),
mainly through the geophysical clues, for example the cosmic clues, 
energy from the sun or barometric pressure, etc. Although as more 
information becomes available i t  seems apparent that both mechanisms 
are important in rhythm control, the influence varying or sometimes 
even diminishing, according to the functional nature of the mechanism.
In order to establish whether rhythms are endogenous or exogenous, the 
persistence of the rhythm should be observed in the absence of a l l  
circadian clues.
The nearest approach to this has been achieved by Aschoff (1967), 
studying subjects l iv ing  for months in underground caves or w e ll-  
equipped bunkers. ' Under such conditions i t  has been found that the ' 
'free-runningf rhythm could then be observed. He found th a t ,  a f te r  a 
few days in iso la tion , the sleep/waking pattern began to d r i f t  towards 
la te r  hours each day, as did the rhythm of body temperature and urine 
excretion.
Another method of study is to rearrange such habits so that they 
do not follow the customary 24 hour cycle. For example, l iv in g  a day 
of shorter length, such as 12 hours (M ills  and Stanbury, 1952) or l iv in g  
a day s lig h t ly  longer than 24 hours, or in continuous daylight of an 
arctic  summer (Lewis and Lobban, 1956 and 1957).
When the rhythms in such conditions eventually become entrained to 
a new time scale, a return to the previous period ic ity  of nycthemeral 
habits in phase with environmental period ic ity  may occur. I f  the 
entrained rhythm persists at variance with external rhythms evidence that  
the new rhythm is endogenous and that-the entrainment has affected the 
'clock' which eventually conforms to the new regime. Lobban and Lewis
(1957) have shown the persistence of potassium excretory rhythms in 
continuous daylight and conclude that i t  is an endogenous rhythm.
In contrast, a theory which supports the hypothesis of exogenous 
rhythms is the conditioning theory. This assumes that as the organism 
develops from the zygote i t  is arrhythmic and learns an approximate 24 
hour rhythm from environmental conditioning or from the behaviour of
its  parents. Sluckin (1965) has shown examples of such conditioning, 
which is reinforced and made accurate by the environment as the animal 
develops, so that when tested in a constant environment the rhythm 
persists.
Biological ‘ clocks' are most probably not de fin ite  structures within  
organs. Many investigations have been performed in an attempt to locate 
circadian 'c locks'. Only a few experiments have been spec if ica lly  under­
taken to assess .the involvement of the central nervous system in circadian  
rhythms and, as ye t , no conclusive results have emerged.
Kleitman and Camille (1932) performed experiments on dogs with 
normal diurnal sleeping patterns and showed when the cortex was removed 
random sleeping habits were evoked. However, Halberg, French and Gully
(1958) and Fleeson, Glueck and Halberg (1957) fa iled  to find possible 
relationships between cortical function and rhythmicity. Hypothalamic 
involvement in circadian rhythms has also been investigated with no 
conclusive results . Halberg (1959, 1960 and 1962) and Pittendrigh (1960) 
have suggested the association of rhythms with endocrine mechanisms.
The adrenal gland has been of special in teres t, p art icu la r ly  with 
respect to the maintenance of the rhythms and th e ir  appropriate phasing. 
Halberg has suggested that the adrenal acts as a pacemaker to the
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rhythmic subsystem. The thyroid and p itu ita ry  show l i t t l e  evidence for  
location of biological 'c locks'.
Recently, there has been a growing in terest in the role of the pineal 
gland in the rhythm control mechanism.; Anton and Clops (1976) showed that 
the pineal gland has a rhythmic a c t iv i ty  related to the photoperiod, which 
in turn influences the function of the central nervous system.
Benerji and Quay (1976) have given some evidence of pineal control of 
the circadian rhythms in ra ts . Pinealectomized rats did not show the 
nocturnal rise in enzyme a c t iv i ty .
3 .1 .3  Effect of Geomagnetic Field (GMF)
In people kept in a shielded underground bunker, where the GMF was 
reduced by a factor of 100, the period of circadian rhythm was increased; 
(Wever, 1969, 1970-1973). On average i t  was 25.65 t  1.024 h, whereas in 
the unshielded space i t  was 25.0CL± 0.55 h. This difference is s ta t is ­
t ic a l ly  s ign ificant (P < 0 .01). Shielding of the subjects also led to 
desynchronization of the rhythm, i . e .  a disturbance of i ts  regular 
sequence.
Thus, although the experiments of d if fe re n t  investigators are 
contradictory, one can conclude that a lterations in the magnetic 
environment have a measurable physiological e ffec t on l iv in g  organisms.
In such conditions, man, for example, shows a rapid change in the 
response of the central nervous system (Busby, 1968), and a change in 
rhythm of some functional processes.
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3.1 .4  Circadian Rhythm of Performance
The experimental investigation of circadian rhythm of performance 
is a very complex one because there exists a large number of tasks which 
could be measured.
The f i r s t  well-controlled experiments on circadian rhythm of 
performance were carried out by Kleitman (1930). He used several simple 
tasks, many of them psychomotor, and found that scores for the tasks 
improved through the morning and f e l l  during the afternoon. He also 
showed that performance appeared to follow most physiological rhythms 
f a i r ly  wel1.
Kleitman (1938) also did some work on reaction time and found that  
there was a very close relationship between this rhythm and that of body 
temperature. In fa c t ,  he has said: "There is probably no reaction time
curve independent of the temperature."
3.1 .5  Periodicity  in Learning and Memory
Learning and memory is another important area where biological 
rhythms have been shown to make a possible contribution. Just as the 
drugs which individuals take can a ffec t them d if fe re n t ly  depending upon 
the time they are taken, the same rhythmicity has been shown to have an 
implication for learning and memory. Conroy and M ills  (1970), Luce 
(1970), Aschoff (1967), Halberg (1969) and Reinberg and Halberg (1971) 
have a l l  emphasised the importance of learning with reference to time 
structure.
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3.1.6 Mental Efficiency and S h ift  Work
One particu lar f ie ld  in which biological rhythms appear to have 
found a d irect application is the schedule of work and rest. Colquhoun 
(1970) emphasised that in general mental e ffic iency followed the course 
of the body temperature rhythms. On n ight-shifts  this a lte ra tion  con­
sisted prim arily of a f la tten ing  of the rhythms, particu la r ly  that part 
coinciding with the working spell. Colquhoun also suggested that the 
po ss ib ility  of reducing the effects of circadian rhythms on human 
organism is not capable of adapting i t s e l f  quickly to change or inverted 
cycles of a c t iv ity  and rest.
However, despite some contradictory reports, Gazenko et al_ (1970) 
thought there was strong evidence that even though breaking up the 
rhythmic pattern (desynchronization) may not cause damage to health and 
have i l l - e f f e c t  on e ff ic iency , phase s h if t  and a non-circadian cycle 
may create an inner physiological transition that may make an organism 
more vulnerable to a l l  forms of stresses or may i t s e l f  be a stressor.
As a matter of fact there has been some evidence of a high incidence 
rate of ulcers and hypertension among s h if t  workers (Luce, 1970).
3.2 General Design
This present study aims to investigate whether a ir  ions have any 
e ffec t  on human circadian rhythm of performance.
In this experiment only two environments -  the natural and the 
negative a ir  ion one - were studied. The negative a i r  ion environment 
was chosen in preference to the positive one, since i t  seemed from the 
l i te ra tu re  that negative ions would be expected to have a more pronounced
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effec t on performance.
Ten male non-smoker subjects participated in the experiment, aged 
between 20 and 27 years old. The experiment was carried out on two 
subjects at a time, and a l l  the subjects wore only a cotton laboratory 
coat to prevent the probable s ta tic  charge created by man-made clothes. 
They were tested blind, that is ,  they did not know what they were being 
exposed to , nor the true purpose of the experiment. The tests were 
presented to them every three hours over a twelve hour period (0 9 .DO- 
21.00 and 21.00-09.00). The participants were randomly divided into  
two groups. The f i r s t  group consisting of f iv e  subjects was exposed to 
negative ions during the night (21.00-09.00), and a fte r  one week interval 
they were exposed again for one whole day (09.00-21.00). The second 
group consisted of f ive  subjects acting as controls, and they were 
tested without any exposure in the same manner; this was necessary 
because subjects would not partic ipate fo r a fu l l  24 hours.
The subjects were asked to provide a urine sample every two hours 
and a container was given to keep the urine, i f  i t  was necessary to 
empty the bladder during this time. After measurement of urine volume 
in ml the samples were stored frozen in glass bottles.
Subjects were woken from sleep f ive  minutes before the onset of 
the tests.
The chamber was earthed by a lead from an external water pipe to 
the metal f loor of the chamber to prevent the development of s ta t ic  
charge on the walls.
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3.3 Methods and Materials
3.3.1 Environmental Chamber Conditions
3
Ventilation rate was maintained at 0.04 m /s  with 2 test persons and
31 experimenter present. (1.700 cu. f t .  (48.14 m ) /  hour/person). Air 
flow past the subjects did not exceed 0.05 m/s.
The other conditions were as follows:
( i )  Dry bulb temperature 23°C
( i i )  Relative humidity 60%
( i i i )  Background white -  noise level of 60-65 dbA
( i v ) The average ambient levels of ions:
,-ve ions +ve ions/cc a ir
negative ion 
condition 5720 285
control
condition 130 263
3.3 .2  Measurement of Sodium and Potassium
The sodium and potassium content of each urine specimen was measured 
using an EEL flame photometer. The diluted solutions of urine containing 
sodium and potassium are sprayed into a standardised Bunsen flame. In the 
absence of high concentrations of in terfering  sa lts , the flame colour is  
proportional to the amount of metal in the solution. Suitable f i l t e r s  
are placed in front of a photoelectric cell to eliminate colours other 
than those required and the in tensity  of flame colour is measured photo- 
e le c tr ic a l ly .  A gas and a ir  flame is used in the EEL flame photometer.
Sodium Analysis
Each specimen of urine was d ilu ted , 0.1 ml of urine was diluted to 
10 ml using deionized water (1:100 d ilu tion) and an e le c tr ic  rotamix was 
used to ensure uniformity of mixing in each specimen.
The flame photometer was switched on at the mains, the gas turned on,
?the flame l i t  and the a i r  pressure raised to 10 lbs/inches . This 
pressure was kept constant in a l l  analyses to ensure that the gas/air  
mixture of the flame was constant, as this can a ffec t the flame colour 
produced by presence of sodium/potassium ions. The sodium f i l t e r  was 
then inserted keeping the s en s it iv ity  control fu l ly  anticlockwise. The 
galvonometer was set at zero using deionized water.
Standard Solutions
Six standard solutions of sodium were made using the sodium chloride  
stock solution while the photometer flame was allowed to s ta b il ize  (F ig . 3.
A beaker containing the strongest sodium solution was then placed in 
the sampling position and the sens it iv ity  adjusted until the galvanometer 
gave a reading of 80-100. The zero was re-set using deionized water.
The strongest sodium standard was then re-run to ensure accuracy of the 
s en s it iv ity . The s en s it iv ity  setting was not altered throughout the 
following analyses of sodium content. The rest of the standards were 
then read, followed by the diluted urine sample. The zero was checked 
from time to time with deionized water. The standard was re-run at the 
end of the urine samples to ensure accuracy.
Potassium Analysis
Each specimen was diluted, 0.05 ml of urine was diluted to 10 ml
60
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FIG. 3.1 Sodium standard curve
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using deionized water (1:200 d i lu t io n ) .  The flame photometer was flushed 
through with deionized water. The sen s it iv ity  control turned fu l ly  a n t i ­
clockwise and the sodium f i l t e r  replaced by the potassium f i l t e r  (Fig. 3 .2 ) .
The s en s it iv ity  was set as for sodium using the strongest potassium 
standard. The standards were then followed by the diluted urine samples. 
The standards were again re-run to ensure accuracy.
3.3 .3  Subjective Ratings
Once every two hours, each person answered a questionnaire in which 
they were asked to vote on two conditions. The ratings were made by 
putting a pencil mark on a 10 cm scale. The markings were afterwards 
measured as a percentage of scale length from the l e f t •(Appendix, page 20C}. 
Other related tests which applied in this chapter afe described in 
general methods and materials.
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3.4 Results and Conclusions 
Deep Body Temperatures
TABLE 3.1 Deep body temperatures (x time)
Time o f day -ve ions
Deep body temp.(°C) Mean + SD Mean + SD
11.00 36.96 + 0.86 36.6 t  0.46
13.00 37.16 + 0.49 36.7 + 0.46
15.00 37.24 + 0.30 36.9 i  0.36
17.00 37.40 + 0.48 36.8 ± 0.63
19.00 37.40 + 0.41 36.8 + 0.33
21.00 36.90 + 0.68 36.78+ 0.47
23.00 37.40 + 0.36 37.2 t  0.74
01.00 37.50 + 0.29 37.3 t  0.72
03.00 36.90 + 0.60 37.2 t  0.84
05.00 36.60 + 0.67 36.6 ± 1.07
07.00 36.70 + 0.33 36.2 t  1.06
09.00 37.20 + 0.43 37.4 t  0.25
Mean 37.36 + 0.86 36.87^ 0.34
no ions
S ta t is t ic a l  va1ues(ions F=3’ 23 DF=1 P=n' s -s t t is t ic l  v iu s^time Qf day F=2-08 F 1 p<o.o5:
* s ig n if ic a n t  
n.s. not s ig n if ic a n t
Conclusions:
Negative ions have no e f fe c t  on deep body temperature. There 
is  a s ig n i f ic a n t  time o f day e f fe c t  on deep body temperature (P < 0 .05). 
There are no s ig n if ic a n t  in te ractions between time o f day and io n iz a t io n .
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Skin Temperature
TABLE 3.2 Skin temperature ( x time)
Time o f day -ve ions no ions
Skin Temp. (°C) Mean ± SD Mean ± SD
11.00 31.90 +.1.25 33.0 + 0.55
13.00 32.40 ± 1.05 33.5 + 0.48
15.00 32.90 + 1.16 33.8 ± 0.60
17.00 32.40 t  1.52 33.5 + 0.54
19.00 33.90 ± 1.19 33.5 t  0.73
21.00 33.10 + 1.34 33.1 ± 1.12
23.00 33.30 + 1.27 32.2 + 1.64
01.00 33.50 t  2.05 33.2 ± 1.80
03.00 33.24 ± 0.86 32.9 + 1.74
05.00 32.80 ± 1 .3 4 32.6 + 0.85
07.00 32.20 + 0.96 32.6 ± 0.72
09.00 32.50 t  0.85 32.3 ± 1.10
Mean 32.84 + 0.58 33.01± 0.51
. . , . t -I (ions F=0.645 S ta t is t ic a l  values'( t im eo fday  F=1J5 DF=1 P=n.s. DF=11 P=n.s.
Conclusions:
Negative ions and time o f day have no e ffec ts  on skin 
temperature.
There is  no s ig n if ic a n t  in te rac tion  between time o f day and io n iz a t io n .
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Subjective Rating o f Temperature
TABLE 3.3 Subjective ra t ing  o f temperature (x time)
Time of day -ve ions no ions
Hot-cold^ Mean i SD Mean t  SD
11.00 55 + 1.2 65 ± 0.71 .
13.00 63 + 1.3 73 + 0.49
15.00 64 + 1.7 80 ± 1.02
17.00 71 ± 2.2 80 t  0.62
19.00 80 + 2.7 76 *  0.63
21.00 72 + 2.3 78 + 0.40
23.00 81 + 1.9 75 t  0.37
01.00 67 +. 1.9 71 + 0.34
03.00 55 + 1.4 70 + 0.46/
05.00 52 + 1.5 51 ± 1.57
07.00 54 + 1.6 57 t  1.46
09.00 62 + 1.8 57 t  1.30
Mean 64 + 0.99 69 t  0.97
C4. i • . • ■» n (ions F=3.23 DF= S ta t is t ic a l  values^t i .me Qf day F=2<97 DF==1 P=n.s. =11 P<0.01*
^Subjective -rating temperature (mm) l e f t  hand statement 
Conclusions:
Negative ions have no e f fe c t  on subjective ra t ing  o f 
temperature, but time has a s ig n if ic a n t  e f fe c t  at the 99% level ( 
(P < 0.01).
There are no s ig n if ic a n t  in te ractions between time o f day and 
ion iza t ion .
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5-Hydroxyindoleacetic acid (5HIAA) excretion
TABLE 3.4 5-Hydroxyindoleacetic acid excretion in urine (x time)
Time o f day -ve ions no ions
5HIAA excretion 
(  y g /  hr) Mean t SD Mean
+ SD
09.00-11.00
+
1 
o
 •C\J00CO 35.9 373.4 + 48.60
11.00-13.00 380.0+ 73.7 361.2 + 69.80
13.00-15.00 467.0 + 53.0 347.7 + 79,00
15.00-17.00 406.01 81.6 241-0 + 39.50
17.00-19.00 317.51 31.7 262.0 + 27.00
19.00-21.00 368.5 ± 61.5 201.4 + 34.70
21.00-23.00 504.6 + 99.1 27a. 0 + 25.40
23.00-01.00 444.8 + 53.7 329.6 + 53.00
01.00-03.00 349.9 + 50.8 436.0 + 44.90
03.00-05.00 212.0 - 94.3 272.4 + 40.79
05.00-07.00 210*01 50.0 192.6 + 25.90
07.00-09.00 281.0 + 92.4 226.6 + 47.79
Mean 36tt 26± 93.01 293.5 + 75.67
S ta t iq t i r a l  val l0nS F=43.95 DF=1 P=<0.01*S ta t is t ic a l  va lues jtinie Qf day F=12 57 DF=11 P=<o.OT*
Conclusions:
Negative ions and time have h igh ly  s ig n i f ic a n t  e ffec ts  on 
levels o f 5HIAA excretion (P= < 0.01).,
There are h igh ly  s ig n if ic a n t  in te ractions between time o f  day 
and ion iza tion  (F = 6.297, P =< 0.0001).
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Potassium Excretion
TABLE 3.5 Potassium excretion in urine (x time)
Time o f day -ve ions no ions
K+ excretion (mEq/hr) Mean + SD Mean + SD .
09.00-11.00 5.94 + 0.68 4.54 + 0.39
11.00-13.00 5.10 + 0.61 4.00 + 0.85
13.00-15.00 5.30 + 0.66 4.30 + 1.17
15.00-17.00 4.38 + 0.58 4.12 + 1.29
17.00-19.00 3.98 + 0.31 5.47 + 0.35
19.00-21.00 4.92 + 0.73 4.20 + 0.52
21.00-23.00 5.10 + 0.98 3.94 + 0.46
23.00-01.00 3.00 + 0.63 3.78 + 0.66
01.00-03.00 2.50 + 0.51 2.23 + 0.50
03.00-05.00 2.48 + 0.68 2.00 + 0.55
05.00-07.00 3.64 + 0.55 2.95 + 0.34
07.00-09.00 5.30 + 0.63 4.24 + 0.82
Mean 4.30 + 1.17 3.81 + 0.97
c . . .  , n (ions F=16.94 DF=1 P=<0.001*S ta t is t ic a l  va lues jtime Qf day F=17-804 DF=11 p=< o .o o i *
Conclusions:
Negative ions and time have h igh ly  s ig n if ic a n t  e ffec ts  on level 
o f K+ excretion (P = < 0.001).
There are h igh ly s ig n if ic a n t  in te rac tions  between time o f day and 
ion iza tion  (F = 3.265, P = < 0.001).
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Sodium:Potassium Ratio
TABLE 3.6 Sodium:potassium ra t io
Time o f day -ve ions no ions
Na+:K+ (mEq) Mean Mean
09.00-11.00 1.91 1.98
11.00-13.00 2.11 2.45
13.00-15.00 1.84 2.44
15.00-17.00 1.55 2.22
17.00-19.00 2.23 1.80
19.00-21.00 2.21 2.42
21.00-23.00 2.03 2.56
23.00-01.00 3.10 2.17
01.00-03.00 2.84 2.86
03.00-05.00 2.94 3.00
05.00-07.00 2.14 2.00
07.00-09.00 1.54 1.70
Mean 2.10 2.23
S ta t is t ic a l  v a l u e s H ^  P=n.s(time o f day F=1.79 DF=11 P=n.s
Conclusions:
Negative ions and time o f day have no e f fe c t  on sodium: 
potassium ra t io .
Time o f day and ion iza tion  have no s ig n if ic a n t  in te ra c t io n .
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Sodium Excretion
TABLE 3.7 Sodium excretion in urine (x time)
Time o f day -ve ions no ions
Na+ excretion 
(m'Eq/hr) Mean t  SD Mean t SD
09.00-11.00 11.4 ± 1.40 09.00 t 1.21
11.00-13.00 10.8 t  2.00 09.80 t 1.12
13.00-15.00 09.8 i  1.50 10.50 + 1.19
15.00-17.00 06.8 + 3.23 09.18 + 1.21
17.00-19.00 08.9 i- 1.60 09.90 t 1.34
19.00-21.00 10.9 t  1.81 10.20 + 1.32
21.00-23.00 10.4 + 1.45 10.10 + 1.75
23.00-01.00 09.4 ± 1.38 08.22 + 1.40
01.00-03.00 07.1 t  0.88 06.40 t 0.78
03.00-05.00 07.3 t  1.44 06.00 t 0.58
05.00-07.00 07.8 t  1.35 05.90 ± 0.74
07.00-09.00 08.2 t  1.41 07.24 t 1.01
Mean 09.06± 1.61 08.53 t 1.72
S ta t is t ic a l  values (ions F=6.63 DF=1 (time o f day F=10.52 DF=11
P=<0.05*
P=<0.001*
(
Conclusions:
—I" " " "......
Negative ions and time have s ig n if ic a n t  effects^on leve ls  o f 
Na+ excretion (P < 0.05 and P < 0.001 respec tive ly ) .
There are no s ig n if ic a n t  in te ractions between time o f day and 
ion iza t ion .
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D ig i t  Adding;
The resu lts  fo r  d ig i t  adding score are obtained from both errors
and number o f ca lcu la tions attempted:
number answered - number correct v 
number answered
i . e .  % correct. The la rger the score the be tte r the performance. 
TABLE 3.8 D ig it  adding (x time)
Time o f day -ve ions no ions
D ig it  adding (score/nin) Mean t  SD Mean t  SD
11.00 23.8 ± 7.39 22.0 ± 4 .0
13.00 24.2 + 4.86 21.0 + 3.3
15.00 23.2 t  8.70 23.0 + 3.1
17.00 24.6 + 5.10 21.0 t  3.8
19.00 23.2 + 6.40 20.0 + 3.1
21.00 24.6 J 6.00 22.0 t  3.1
23.00 22.4 + 9.30 15.0 + 4.6
01.00 21.6 t  9.30 15.6 i  3.2
03.00 19.0 + 8.. 00 13.6 t  3.2
05.00 17.0 ± 8.80 10.0 t  4.0
07.00 22.4 + 7.20 13.4 i  4.8
09.00 25.0 ± 8.10 12.0 ± 2.3
Mean 22.58 + 2.40 1738+ 4.56
S ta t is t ic a l  values o f day DF=1 P=<0.001* DF=11 P=<0.01 *
Conclusions:
There is  a h igh ly s ig n i f ic a n t  e f fe c t  o f -ve ions on d ig i t  adding 
(P < 0.001) and time also had a s ig n if ic a n t  e f fe c t  on performance a t 
the 99% level (P < 0.01).
There are no s ig n if ic a n t  in te rac tions  between time o f day and io n iza t io n .
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Bead Threading
TABLE 3.9 Bead threading (x time)
Time o f day -ve ions no ions
Bead threading/2min Mean + SD Mear ± SD
11.00 41.4 + 10.1 42.4 t  5.4
13.00 41.4 ± 10.5 44.2 t  7.4
15.00 40.8 t  10.9 44.4 t  6.0
17.00 40.8 + 11.5 40.8 t  7.3
19.00 42.2 ± 11.7 44.4 + 6.3
21.00 45.8 ± 10.6 45.4 i  4.7
23.00 42.0 t  10.9 39.2 t  4.1
01.00 39.8 t  08.0 40.6 ± 5.9
03.00 38.0 ± 08.0 43.2 ± 4.6
05.00 39.2 ± 05.4 40.4 + 4.5
07.00 40.6 ± 11.2 39.8 + 4.7
09.00 39.4 t  11.3 41.0 t  3.8
Mean 40.95+ 1.96 42.15± 2.1
S ta t is t ic a l  v a l u e s Qf  day DF=1 DF=11
P=n.s.
P=n.s.
Conclusions:
Negative ions and time had no e f fe c t  on bead threading. 
There are no s ig n if ic a n t  in te ractions between time o f day and 
ion iza tion .
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Auditory Reaction Time
TABLE 3.10 Auditory Reaction time (x time)
Time o f day -ve ions no ions
Auditory RT(M'Secs) Mean - SD Mean + SD
11.00 152.8 t 13.10 139.7 + 12.98
13.00 153.8 + 13.90 150.77 t  12.00
15.00 152 + 10.37 151.8 i  10.38
17.00 169.9 + 12.40 165.9 ± 10.56
19.00 178.0 + 45.90 161.8 + 08.95
21.00 170.7 + 16.60 154.0 ± 09.80
23.00 164.4 + 18.21 158.6 +23.70
01.00 180.5 t 29.80 161.4 t  17.60
03.00 185.0 ± 23.30 168.8 t  17.48
05.00 182.3 t 13.60 169.4 t  31.60
07.00 174.4 t 17.94 172.5 t  27.90
09.00 169.3 + 16.30 170.8 + 08.56
Mean 169.42 i 11.60 160.45i t  09.90
S ta t is t ic a l  va lues!]? 1^  . r~o’ c?(time o f day F=2.64
DF=1
DF=11
P=<0.05
P=<0.05
Conclusions:
The resu lts  revealed that negative ions increased auditory 
reaction time at 95% level of s ign if icance- (P < 0.05).
Likewise, time also has a s ig n if ic a n t  e f fe c t  on auditory reaction 
time (P < 0.05).
There are no s ig n if ic a n t  in te ractions between time o f day and io n iz a t io n .
(oasw) 9U1J4 uoupBau yOoq.Lpn\/
FI
G.
 
3.7
 
Au
di
to
ry
 
re
ac
tio
n 
tim
e 
pe
rfo
rm
an
ce
 
in 
ne
ga
tiv
e 
io
ns
(—
) 
an
d 
no 
io
ns
( 
) 
co
nd
iti
on
s
96
Visual Reaction Time
TABLE 3.11 Visual reaction time (x time)
Time o f day -ve ions no ions
Visual RT(M’Secs) Mean t  SD Mean + SD
11.00 191.0 i  19,00 177.4 t  12.72
13.00 137.5 i  17.12 172.8 t  10.62
15.00 199.0 ± 35.60 192.5 + 16.61
17.00 197.0 + 22.20 186.4 ± 14.30
19.00 213.7 ± 78.20 202.6 t  10.70
21.00 197:8 t  15.57 197.1 t  08.00
23.00 192.8 i  34.30 210.0 t  33.20
01.00 193.9 i  14.10 206.2 t  23.70
03.00 202.0 ± 29.90 221.6 ± 41.80
05.00 208.0 + 26.00 208.0 ± 39.34
07.00 212.8 ± 10.40 226.3 ± 60.20
09.00 204.7 t  28.60 218.6 ± 11.90
Mean 200.0 ± 08.43 201.6 t  17.00
C4. 4.- +.• i . ( io n  F=0.01 S ta t is t ic a l  v a l u e s ^  Qf day F=Q_36 DF=1 DF=11
P=n.s.
Psn.s.
Cone!usions:
Negative ions and time have no e f fe c t  on visual reaction time. 
There are no s ig n if ic a n t  in te ractions between time o f day and 
ion iza tion .
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3.5 Discussion
The resu lts  o f th is  experiment ind icate tha t negative ions have a 
s ig n i f ic a n t  e f fe c t  on circadian rhythm o f sodium, potassium, 5-Hydro- 
xyindolacetic acid, auditory reaction time and d ig i t  adding task 
performance (mental task).
These resu lts  are consistent in part w ith the suggestion tha t 
negative a i r  ions might have lowered the level o f serotonin in  the brain 
and tissues (Krueger, 1968).
The resu lts  o f body temperature ind ica te  tha t negative ions do not 
have a s t a t is t i c a l l y  s ig n i f ic a n t  e f fe c t  on deep body temperature, but 
there is  an apparent d ifference between the two conditions (negative ion 
and no ion).
The resu lts  o f urine analysis ind ica te  tha t there are no s ig n if ic a n t  
d ifferences in 5HIAA excretion when 11.00-13.00 specimens in  both the 
negative ion and no ion conditions are compared (Table 3.4 , page 84 ).
The above resu lts  are consistent with resu lts  o f rheumatoid a r t h r i t i s  
p a t ie n ts , (c f .  page 175) which were measured at the same time o f  day and 
reveal no s ig n if ic a n t  d ifferences.
The resu lts  of the present experiment ind icate th a t ,  although 
negative ions and time o f day have s ig n if ic a n t  e ffec ts  on the overa ll 
excretion o f 5HIAA, the differences a t 11.00-13.00 hrs. are minimal. 
However, the level o f excretion increased mainly in the afternoon and 
n igh t. On the other hand, in  performance experiments (c f .  page 121) 
the resu lts  showed tha t there is  a d ifference between the in d iv id u a ls '  
responses due to th e i r  d i f fe re n t ia l  s e n s i t iv i t y  to io n iza t io n . Thus,
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one might have concluded th a t as the day progresses subjects become more 
sensitive  to negative ions, and consequently excrete more 5HIAA la te r  in 
the n igh t.
The re la t io n  between temperature and the d i f fe re n t  tasks under the 
normal condition have been examined by several inves tiga to rs . Kleitman 
,'et aj_ (1938), used a simple reaction time (RT) s i tu a t io n  and showed th a t 
there is  a close re la t io n  between body core temperature and RT. Contrary 
to Kleitman's work, Blake (1967), fa i le d  to show a consistent rhythm in 
two o f the tasks used in his experiment: time estimation and simple 
reaction time. The f i r s t  task showed the closest re la t io n  w ith body 
temperature and time o f  day in Kleitman's inves tiga tion . Time estimation 
would seem to depend more than most 'mental' a c t iv i t ie s  on the state o f  
the circadian clock. Blake also showed tha t the re la t ion sh ip  between 
the reaction time task and body temperature and time o f day was obviously 
re lated.
Further evidence fo r  a para lle lism  between performance and temperature 
was obtained by Colquhoun e t al_ (1970) in th e i r  series o f studies 
comparing d i f fe re n t  s h i f t  systems. They found performance on both a 
ca lcu la tion  task ( d ig i t  adding) and a v ig ilance task to c lose ly  p a ra lle l 
oral temperature. They also found tha t w ith a ra p id ly  ro ta t in g  s h i f t  
system there was no obvious change in the normal circadian rhythm in 
temperature over two-week studies. Thus both performance and temperature 
were re la t iv e ly  high during the day, espec ia lly  in  the afternoon and 
early  evening and re la t iv e ly  low during the n ight and early  morning.
The reaction time resu lts  (Table 3.10) ind icate tha t negative ions have 
detrimental e f fe c t  on auditory reaction time. These resu lts  are incon­
s is te n t with those o f performance te s t (c f .  pages 116 and 133).
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A probable reason fo r  th is  inconsistency l ie s  in  the fa c t  tha t 
there were d i f fe re n t  subjects in the experimental and the control 
conditions.
I t  is  concluded from the resu lts  o f d ig i t  adding performance (Table 
3.8) and visual reaction time (Table 3.11), tha t both these parameters 
are improved in  negative ion condition with respect to the control 
condition during the n igh t. This is  p a r t ic u la r ly  important in re la t io n  
to the performance va r ia t ion  under unusual environmental conditions 
(sh if t-w ork ) and o f  course from the' p rac tica l need to be able to minimise 
decrement in e f f ic ie n c y  in the work s i tu a t io n  where such unusual 
conditions are an inev itab le  part o f the job . Results o f the d ig i t  
adding also ind ica te  tha t subjects under the negative ion condition 
obtained be tte r scores as the day progresses; on the contrary, subjects 
in control condition (no ion) showed reverse re s u lt .
I t  is  reported th a t the level o f physiological arousal tends to 
increase as the day progresses, producing improved performance on a wide 
range o f tasks (Colquhoun , T968).
The resu lts  obtained from the control subjects in  the present 
experiment (Fig. 3.6) are inconsistent with the above statement, and 
ind icate tha t in the la te r  hours of the day mental vigour and re c e p t iv i ty  
are less.
Blake (1967) has studied the e ffec ts  o f diurnal f lu c tu a t io n s  in 
levels o f arousal on human performance. He showed tha t performance on 
most o f the tasks improved throughout the day, as the sub jects1 leve l o f 
arousal increased, whereas d ig i t  span tended to decrease, suggesting a 
negative re la t ionsh ip  between immediate memory and arousal leve l which is
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consistent w ith the resu lts  o f control group. These resu lts  ind icate that 
subjects exposed to negative ions show s ig n if ic a n t  improvement in  d ig i t  
adding performance tasks.
I t  is  concluded from the resu lts  o f urine analysis tha t excretion of
+ + + + Na and K is  low a t n ight and high during the day. Excretion o f Na , K
and Cl" commonly r ise  to a peak, usually a t same time between 9.00 and
12.00 h rs . ,  and the rea fte r f a l l s  slowly to the low n ight value (Imrie
et 1963). A l l  three ions (Na+, K+, Cl” ) usually behave s im i la r ly ,
sodium and chloride are less reproducible in  th e i r  behaviour but usually
pa ra l le l one another (Dossetor, 1963). In Na+ and K+ excretion , i t  is
d i f f i c u l t  to separate an endogenous component from a multitude o f
exogenous influences. The most regular rhythm, often corresponding well
with a sine curve, is commonly observed in subjects kept under f a i r l y
constant condition , in whom a well-defined excretory peak o f a l l  three
e le c tro ly te s  usually occurs before midday (M i l ls ,  1954). Excretion o f
Na+ and Cl" seems more dependent upon these various exogenous influences
than does potassium excretion. On the other hand, experiments on abnormal
time schedules ind ica te  the endogenous nature o f  the excretory cycles o f
K+ and Na+ ( M i l l s ,  1 9 5 2 ) v  Several observations suggest tha t l i g h t  is  of-
p a r t ic u la r  importance in  co n tro l l in g  the fTow o f urine as d is t in c t  from
excretion of the in d iv id u a l.  In Sharp's (1960) experiment, prolongation
o f darkness on wakening, delayed the usual r ise  both o f urine flow  and
sodium and potassium excre tion .. Varia tion in glomerular f i l t r a t i o n  ra te
(GFR) has often been invoked as a cause o f va r ia t io n  in excretion o f
sodium and ch loride.
The resu lts  o f the present experiment ind ica te  tha t negative ions 
have a s ig n if ic a n t  e f fe c t  on the circadian rhythm of Na+ and K+ excre tion ,
102
Tables (3 .7 ) ,  (3 .5 ) ,  respective ly . Although negative ions may not
+ +d ire c t ly  a f fe c t  the level o f K and Na excretion , the mechanism of
th is  e f fe c t  remains to be determined.
Circadian rhythm o f performance could be affected by the fo llow ing 
independent variables:
(1) Ind iv idual d ifferences
I t  is  generally accepted (with the exception of the postlunch period) 
tha t arousal increases during the course o f the day. Blake (1971) has 
shown how ind iv idua l d ifferences can influence th is  overa ll trend. In 
th is  experiment two d i f fe re n t  groups o f subjects (each group consists o f 
f iv e  subjects) pa rt ic ipa ted  separately in negative ion and no ion 
conditions. The va r ia t io n  in  subjects can be influenced by d i f fe re n t  
fac to rs , such as fa t ig ue , food in take, and in t r in s ic  in te rsub jec t 
v a r ia b i l i t y .  These factors may consequently be responsible fo r  the 
change o f c ircadian rhythm o f performance.
One of the major uncontrolled factors in th is  study was the tendency 
fo r  subjects to re ta in  th e i r  'normal' o r ie n ta t ion  towards the social 
environment. Social habits , such as seeing fr ie n d s , eating and d r in k ing , 
are powerful Zeitgebers,( Aschoff, 1965), and can prevent complete 
adaptation from occurring. D i f f i c u l t ie s  in in te rp re ta t io n  a r ise  because 
o f ind iv idua l varia tions in the extent to which these social Zeitgebers 
influence subjects. Effects due to such 's o c ia l '  factors  w i l l  thus be 
very d i f f i c u l t  to control system atica lly , but an attempt should be made 
in experimental studies to equate a t least the general social environment 
pattern fo r  a l l  subjects.
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(2) Type o f task
I t  is  important to f in d  out the differences in the basic processes 
underlying d i f fe re n t  performances because these differences could be 
s ig n if ic a n t  in the understanding o f the circadian rhythm. The absence 
of s ig n i f ic a n t  va r ia t ion  in bead threading te s t  indicates tha t th is  
te s t  was not s u f f ic ie n t ly  sens it ive  to detect the e ffec ts  o f  ionized 
a i r  on the speed o f a simple voluntary movement.
(3) Time o f te s t
The influence of sleep deprivation or in te rru p t io n  must be taken in to  
account when in te rp re t in g  the resu lts  obtained from performance measure­
ments during n ight hours. Fort (1970) showed under the nocturnal cond it ion , 
the subjects ' performance would be influenced by time o f day and preceding 
events, in p a r t ic u la r  by p r io r  sleep. In a fu r th e r  attempt to determine 
whether de te r ia t ion  in  performance during the night was due to c ircad ian 
va r ia t ion  or a d ire c t  re s u lt  o f sleep. Fort used some subjects who were 
deprived o f sleep fo r  24 hours. Under th is  regime of continual wakeful­
ness, performance during the nigh}; was s t i l l  poorest, though the decrement 
was not so great as when the same subjects had s lep t. F in a l ly ,  he 
concluded that subjects had f u l l y  recovered from the e ffec ts  o f being 
awakened w ith in  f iv e  minutes. This is  in accord with the f ind ings o f 
Webb and Agnew (1964).
In the present experiment the subjects were awakened f iv e  minutes 
before the measurements s tarted. During the auditory te s t  i t  was noticed 
tha t some o f the subjects, due to th e i r  ind iv idua l d iffe rences, could 
not recover in the given time from sleep in te rru p t io n , and probably th is
104
deprivation affected auditory reaction time.
In a study Webb and Agnew (1964) found recovery o f performance a f te r  
sleep in te rru p t io n  was complete in f iv e  minutes. However, the te s t they 
were using was a very simple key pressing task and they admitted tha t 
recovery on more complex tasks might be slower. Other studies using more 
complex psychomotor tasks generally come to the conclusion tha t the e f fe c t  
o f sleep in te rru p t ion  is  ne g lig ib le  a f te r  ten minutes (Langdon and 
Hartman, 1970).
(4) E le c tro s ta t ic  and magnetic f ie ld
On account o f the de lica te  ion ic  equil ib r ium  in the body, i t  is  reasonable 
to speculate an external influence o f e le c tr ic a l  f ie ld s .  ; Mental a f f l i c t io n s  
might be susceptible to var ia tions in  atmospheric e le c t ro s ta t ic  changes 
and perhaps to a less extent, the earth 's  magnetic f ie ld  ( R a v itz , >1961).
I t  has also been shown tha t the existence o f  e le c t r ic  f ie ld s  may change 
the number o f l i g h t  ions in inhaled a i r (  Anderson, 1965). Anderson 
demonstrated tha t applied e le c t r ic  f ie ld s  reduce human c a p a b i l i ty  o f 
inha ling l ig h t  ions and a l te r  the ra t io  o f uptake o f pos it ive  and negative 
ions as compared with the values obtained in f ie ld - f re e  conditions.
E le c tr ic  f ie ld s  around an ind iv idua l may arise when the ind iv idua l has a 
certa in  po ten tia l re la t iv e  to the surroundings, or the ind iv idua l is  
a t earth po ten tia l with free charges occurring in the environment.
In th is  experiment no attempt was made to measure the possible 
action o f e le c tro s ta t ic  and magnetic f i e ld  upon the subjects c ircad ian 
rhythm of performance.
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3.6 Conclusion
A number of conclusions can be drawn from th is  experiment.
(1) There are h igh ly  s ig n if ic a n t  in te rac tions  between negative ion and 
time of day fo r  ur inary excretion o f K+ and 5HIAA.
(2) Negative ions increased the level o f Na+, K+ and 5HIAA excretion, 
improved d ig i t  adding performance and showed adverse e ffec ts  on auditory 
reaction time (increase RT).
(3) Negative ions prevent the circadian drop in d ig i t  adding and visual 
RT, during the n ight.
(4) The e f fe c t  o f negative ion on diurnal va r ia t io n  can be masked by the 
use o f an insens it ive  te s t .
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CHAPTER 4
EFFECTS OF NEGATIVE AIR 
IONS ON HUMAN PERFORMANCE
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4.1 Introduction
The general review on the e ffec ts  o f negative a i r  ions on human 
performance is  g iven.in  Chapter 1.
A to ta l o f three experiments has been conducted to investiga te  the 
possible influence o f negative ions on human performance under well-con­
t ro l le d  conditions. Table (4.1) gives the number o f subjects and conditions 
p reva il ing  in the three experiments.
Experiment 1: The subjects were tested on two consecutive mornings. On 
one occasion the subjects ( in  pairs) were exposed to a high level o f 
negative ions, from a Medion EC 300 ion generator. On the other occasion 
there was no a r t i f i c i a l  ion iza t ion . The ion levels p reva il ing  are con­
tained in Table 4.1. The order o f presentation was randomly determined. 
Subjects wore everyday clothes and rubber-soled shoes, but were not 
earthed, some measures were taken to preparing the subjects p r io r  to 
experimentation:
(1) None of the subjects were smokers;
(2) None had consumed alcohol in the previous 24 hours;
(3) None had abnormal sleeping patterns on the nights before the experiment;
(4) Subjects consumed a standardised breakfast;
(5) Subjects who were taking drug substances (w ith the exception o f 
s tero id  contraception) were excluded;
(6) Note was made in female subjects o f  time o f  menstrual cycle and 
s tero id contraceptive usage.
In add it ion , a l l  subjects were introduced to the te s t before the te s t  days 
and then allowed one hour o f practice before each te s t  session. Subjects
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therefore presented themselves a t 10.00 a.m., provided a urine sample 
(having previously emptied th e i r  bladder a t 8.00 a.m.) and entered the 
preconditioned chamber. Tests were presented continuously between 10.00 -
11.00 a.m. and te s t  measurements were taken a t 11.00, 11.30, 12.00, 12.30 
and 1.00 o 'c lock . A fu r th e r  urine sample was provided a t 1 o 'c lock .
Experiment 2 : The subjects were tested in  three d i f fe re n t  conditions on 
consecutive mornings but presented randomly.,
(a) No a r t i f i c i a l  ion iza tion  subjects earthed.
(b) Negative ions, subjects earthed.
(c) Negative ions, subjects not earthed.
The same p re -tes t precautions and experimental conduct were observed as 
fo r  Experiment 1.
Experiment 3 : The subjects were tested in  two conditions:
(a) Negative ions in a dry environment non-earthed.
(b) Negative ions in a humid environment non-earthed.
A ll  other aspects o f  the experiment were iden tica l to the previous experi­
ments. Table 4.2 summarises the tests used in each experiment and the 
variables employed.
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4.2 Methods and Materials
TABLE 4.1 Conditions o f experiments J_, 2 and _3.
Experiment 1_ Experiment 2 Experiment ^
No. o f subjects 40 16 16
No. o f male .-female 20:20 8:8 8:8
TDb °C 29 29 29
tWfa °C 23 23 a) 17 b) 24
% RH 60 60 a) 30 b) 66
Effective time °C 25.5 25.5 a) 21 b) 26
A ir  ve lo c ity  cm/s 30 (range 10-50) 30 (range 10-50) 30 (range 10-50)
Fresh a i r  
exchange
0.02 M3/S 0.02 M3/S 0.02 M3/S
Noise dbA 65 (range (60-70) 65 (range 60-70) 65 (range 60-70)
-ve ions (non­
ionized) 183 (0 - 750) 289 (0 -  800) -
-ve ions (ionized) 9960 (5000-17500) 24030 (18000-44000) 17674 (600Q-30000!
+ve ions (non-ionized) 1912 ( 625- 6000) 769 ( 200 -  4000). -
+ve ions (ionized) 411 ( 0 - 2500) 161 (0 -  2000) 0 (0-0)
Subjects earthed - + /- -
S ta tic  charge on 
subjects
a) not earthed 
+52'v '(0-240V) ‘
b) earthed
a) 30% RH 
+522v( 180-T1T00 v)
b) 66% RH
+lb7v;o-96dV) + 11 .f>V(0-l 40V)
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TABLE 4.2 'The te s t  and variables applied in each experiment
Experiment 1 Experiment 2 Experiment 3
Tests
Core temperature V / /
Skin temperature / / /
Auditory reaction time / / /
Visual reaction time / / ✓
Logic reasoning / / /
M irror drawing - / /
Bead threading / / /
Rotary pu rsu it / / /
Subjective ratings / / /
Variables
Negative ions / / /
No negative ions / / -
Earthed subjects - / -
Non-earthed subjects / / /
High humidity / / /
Low humidity • mm /
4.2.1 Rotary Pursuit Apparatus
The apparatus consisted o f a modified S .R .I. student kymograph model 
1020 with a 22.6 cm wooden disc moulded on the spindle. In la id  in to  th is  
disc 6.5 cm from the centre was a m e ta l l ic  ta rge t 3.1 cm in diameter.
n i
The sty lus was 24 cm in length w ith a b a l l - t i p  0.95 cm in diameter, con- . 
structed from a metal rod insulated with rubber. Contact between the 
sty lus and disc completed the external t r ig g e r  c i r c u i t  o f  a centisecond 
timer. The subject was instructed to attempt to  keep the s ty lus in 
contact with the m e ta ll ic  ta rg e t,  which was revolving a t a constant 
speed o f 74 revs/min. Total time o f contact between s ty lus  and ta rge t 
was recorded over one minute t r i a l  periods, th is  being the subjects ' 
score (F ig. 4 .1 ).
4.2.2 M irro r Drawing Apparatus
This apparatus consists o f a large m irro r f ixed at r ig h t  angles to 
a f l a t  board., An adjustable screen is  placed in such a pos it ion  so as 
to block the d ire c t  view o f the te s t track from the subject rendering 
only the m irro r image v is ib le .  The subjects were asked to trace a l in e  
in between the track fo r  three d i f fe re n t  shapes as fa s t  as possible 
(F ig. 4 .2 ).
4.2.3 Logic Reasoning
This task has been developed by Baddeley (1968) and is  based on 
grammatical transformation. Performance on th is  task has been found to 
corre la te  s ig n i f ic a n t ly  w ith IQ and to be sensitive  to va r ie ty  o f 
d i f fe re n t  stresses. The task is  self-paced and can therefore be regarded 
as demanding considerable immediate processing. In add it ion , Hitch and 
Baddeley (1973) have shown the task to involve acoustic or a r t ic u la to ry  
coding and the use o f some l im ited  capacity processor tha t is  also in ­
volved in short-term re tention o f verbal m ateria l. I t  thus seems 
reasonable to suppose that th is  task involves/ both short-term memory and
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immediate processing. An item in the grammatical transformation te s t  
consisted o f a sentence describing a re la t ionsh ip  between the le t te rs  
'A' and *B1 followed by e ith e r  the le t te r  pa ir  AB or the le t t e r  pa ir  BA. 
The sub ject's  task was simply to decide whether the sentence (e.g.
"B is  not preceded by A") was a true or fa lse  descrip tion o f the le t t e r  
pa ir  tha t followed. On each o f the s ix  versions o f the te s t  the 32 
possible items were each represented tw ice. The s ix  versions d if fe re d  
from one another only in terms o f the order o f the items. The subjects 
were asked to work as qu ick ly as possible in 3 minutes time, e.g.;
true fa l se
1. A is  followed by B - BA
2. B is  not followed by A - BA
3. B precedes A - AB
4. B is  not preceded by A - BA
5. A is  preceded by B - BA
6. A does not precede B - AB
Studies in psycholinguistics have shown tha t the time taken to 
understand a sentence is  c lose ly  dependent on i t s  syntactic  s tru c tu re , 
w ith pos it ive  statements being understood more qu ick ly  than negatives, 
active statements more ra p id ly  than passives, and true statements fa s te r  
than false,(Wason , 1961 ..and S lob in , 1966).
4.2.4 Subjective Rating
Once a session, at 12 o 'c lock , each person answered a questionnaire
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(Appendix page 200).
Other re la ted tests which applied in th is  chapter, are given in 
general methods and materials (Chapter 2),
4.3 Results and Conclusions
4.3.1 Experiment 1
4.3.1.1 Body temperatures
TABLE 4.3 Deep body and skin temperatures (x time o f day)
-ve ions No ions
Deep body temp (°C) Mean -  SD Mean t  SD
i i  ;oo 36.66 -  0.81 36.49 i  0.78
12.00 36.60 ± 0.80 .36.59 ± 0.79
13.00 36.53 + 0.76 36.50 i  0.66
Mean 36.59 ± 0.79 36.52 ± 0.74
Skin temp (°C)
11.00 33.93 ± 0.53 33.96 + 0.74
12.00 34.34 + 0.60 34.38 ± 0.70
13.00 34.35 + 0.53 34.40 t  0.68
Mean 34.20 ± 0.55 34.24 -  0.71
TABLE 4.4 S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on deep body temperature.
Variables F Significance p
(1) Ions 0.545 0.461
(2) Time o f day 0.232 0.793
(3) Order o f presentation 0.073 0.787
(4) Sex 0.291 0.590
E ffec t o f variables on skin temperature
Variables F Significance p
(1) Ions 0.096 0.756
(2) Time o f day 11.087 < 0.001*
(3) Order o f presentation 2.154 0.144
(4) Sex 0.034 0.853
* = s ig n if ic a n t
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Conclusions
(1) There are no e ffec ts  o f negative ions on e ith e r  skin or core 
temperature when the ambient temperature is  29°C.
(2) The only s ig n if ic a n t  e f fe c t  found was th a t  skin temperature rose 
^ s l ig h t ly  during the morning. This e f fe c t  was unrelated to io n iza t io n .
4 .3 .1 .2  Reaction times
TABLE 4.5 S ta t is t ic s  (4 way analysis o f variance)
Effects o f variables on auditory reaction time
Variables F Significance p
(1) Ions 2.604 0.108
(2) Time o f day 1.103 0.334
(3) Order o f presentation 0.511 0.475
(4) Sex 14.744 < 0.001*
Effects o f variables on visual reaction t i  me
Variables F Significance p
(1) Ions 0.031 0.860
(2) Time o f day 0.038 0.963
(3) Order o f presentation 0.033 0.856
(4) Sex 21.602 < 0.001*
There were no s ig n if ic a n t  in te rac tions  between the variab les. 
Conclusions
There were no s ig n if ic a n t  e ffec ts  o f negative ions on e i th e r  v isual or
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auditory reaction time. The only s ig n if ic a n t  variable was sex. For 
auditory reaction times the males performed 8% be tte r in negative ions 
(170.1 - 26.1) and 10% be tte r in  no ions (162.9 - 24.5). For visual 
reaction times the males performed 10.7% be tte r in  negative ion con­
d i t io n  (228.5 + 28.7) and 9.6% be tte r in no ion condition (227.9 ± 32.2). 
Ions had no e f fe c t  on these sex differences in performance.
4 .3 .1 .3  Bead threading
TABLE 4.6 S ta t is t ic s  (4 way analysis o f  variance)
E ffec t o f  variables on bead threading
Variables F Significance p
(1) Ions 0.000 0.983
(2) Time o f day 4.812 0.009*
(3) Order o f presentation 3.619 0.058 (*)
(4) Sex 14.637 < 0.001*
There were no s ig n if ic a n t  in te ractions between the variab les.
Conclusions
The resu lts  ind icate tha t there were no e ffec ts  o f negative ions on bead 
threading performance. There was a h igh ly  s ig n if ic a n t  sex d if fe rence  with 
females being 9% be tte r than males in  negative ion condition and 5% be tte r  
in the no ion condition. Negative ions had no s ig n if ic a n t  in fluence on 
these sex d ifferences.
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4.3 .1 .4  Rotary pursu it
TABLE 4.7 S ta t is t ic s  (4 way analysis o f  variance)
E ffect o f variables on ro ta ry  pursu it
Variables F Significance
P
(1) Ions 0.135 0.173
(2) Time o f day 5.531 < 0.001*
(3) Order o f presentation 53.991 < 0.001*
(4) Sex 5.304 0.022*
There was a s ig n if ic a n t  in te rac tion  between order o f presentation and 
presence or absence o f negative ions (F = 21.631; P < 0.001). The best 
performance level was obtained when no ions were presented on the second 
day. The worst performance was seen when no ions were presented on the 
f i r s t  day.
Conclusions
There were no e ffec ts  o f ion iza tion  on ro ta ry  pursu it performance.
There was a s ig n if ic a n t  sex d ifference in performance in the no ion con­
d it io n  (males 12% be tte r than females). There was a s ig n i f ic a n t  time o f  
day and order o f presentation influence on performance.
4.3.1.5 Logic reasoning
The resu lts  fo r  the log ic  reasoning task are present in  two ways,
(a) Number o f l ines  attempted in the three minutes allowed fo r  the task;
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(b) Score-derived from both errors and number.
TABLE 4.8 S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on log ic  reasoning
Variables F Significance p
(a) Number attempted
a) Ions 1.563 0.212
b) Time o f day 3.470 0.008*
c) Order o f presentation 40.283 < 0.001*
d) Sex 24.959 < 0.001*
(b) Score
a) Ions 4.058 0.045*
b) Time o f day 16.581 < 0.001*
c) Order o f presentation 18.078 < 0.001*
d) Sex 24.865 < 0.001*
There were no s ig n if ic a n t  in te ractions fo r  number attempted. For score 
there was s ig n i f ic a n t  in te rac t io n  between time o f day and order o f 
presentation (F = 4.637; P = < 0.001).
Conclusions
There is  a s ig n if ic a n t  e f fe c t  o f time o f  day on performance due to the 
circadian rhythm and practice e f fe c t  in both speed and score. There is  
a s ig n if ic a n t  e f fe c t  o f ions on the overall score. The performance in 
no ion condition is  on average 6.5% be tte r than in the ion cond it ion . 
There is  a large sex d ifference in performance. Females perform some 
10-14% be tte r than males both in speed and overall score.
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4.3.1.6 Subjective ra t ing  scores
TABLE 4.9 Subjective ra t in g  scale ( s ta t is t ic s )
Rating scale Ions p Order <?f pre­sentation p Sex p
a) Atmosphere 
Hot-cold 0.943 0.031* 0.011*
Pleasant-unpleasant 0.257 0.531 0.696
Fresh-stuffy 0.993 0.691 0.009*
pleasing-annoying 0.436 0.810 0.247
comfortable-uncomfortabl e 0.380 0.461 0.366
Good-bad 0.564 0.654 0.187
b) Subject
Hot-Cold 0.494 0.423 0.004*
Comfortable-uncomfortabl e 0.744 0.387 0.512
Pleasant-unpleasant 0.159 0.107 0.631
Alert-drowsy 0.537 0.191 0.302
Wellbeing
Best-worst 0.244 0.191 0.430
No. o f headaches 0 0 0
Severity
Mild-severe 0 0 0
p values only given fo r  s im p l ic i ty
The only s ig n i f ic a n t  in te rac tion  revealed was between ions and order o f  
presentation fo r  alertness (F = 4.086; P = 0.047). Subjects were s i g n i f i ­
cantly  more a le r t  when negative ions were present on the f i r s t  day as
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compared to when they were given on the second day.
Conclusions
There was a s ig n if ic a n t  e f fe c t  o f order o f presentation on subjective 
ra t ing  o f ambient Hot-cold. In both conditions subjects f e l t  the atmos­
phere to be warmer on the f i r s t  day as compared to the second day.
There is  a sex d ifference in Hot-cold ra t ing  o f both the atmosphere and 
themselves. In both conditions the males rated the atmosphere and them­
selves to be warmer as compared to the females. The males rated the 
atmosphere fresher in both ion and no ion conditions. There were no 
s ig n i f ic a n t  e ffec ts  on subjective ra tings o f any o f the scales used, tha t 
could be a t t r ib u te d  to the presence or absence o f negative ions.
4.3.1.7 5-Hydroxyindoleacetic acid (5HIAA) excretion
TABLE 4.10 5-Hydroxyindoleacetic acid (5HIAA) excretion in urine
Average excretion (vig/hr) -ve ions no ions 1
Mean t  SD
3 hours (10.00-13.00 hrs) 218.4 t  131.3
Mean t  SD ; 
144.8 ± 118.4
27 Subjects had a raised rate o f excretion o f  5HIAA in the negative
ion condition (average increase = 402%). Eleven subjects had a decreased-
rate o f excretion (average decrease = 35%).
(Two urine samples were unable to be analysed).
Conclusions
There is  a h igh ly  s ig n if ic a n t  d ifference between the average excretion
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rates in the ion condition as compared to the control (no ion) condition , 
( t  = 3.017; P = 0.0023).
I t  is  concluded tha t 71% o f subjects respond to a negatively ionized 
enviornment by quadrupling on average th e i r  excretion o f 5HIAA in the 
f i r s t  three hours ( t  = 6.196; P < 0.0001). 29% Have a small but in s ig ­
n i f ic a n t  f a l l  in  5HIAA excretion ( t  = -2.767, P = 0.99).
4.3.2 Experiment 2
4.3.2.1 Body temperature
TABLE 4.11 Deep body and skin temperature (x sex)
-ve ions 
earthed
-ve ions 
not earthed no ions
Deep body temp (°C)
Males 36.98 ± 0.37 37.05 t  0.39 36.81 t  0.65
Females 37.14 t  0.28 37.19 + 0.23 37.25 ± 0.29
Mean 37.06 t  0.34 37.12 + 0.33 37.03 ± 0.55
Skin temp (°C)
Males 34.06 i  1.16 34.12 ± 0.91 34.32 t  1.05
Females 34.62 ± 0.43 34.44 ± 0.52 34.47 t  0.48
Mean 34.34 ± 0.93 34.28 t  0.77 34.40 ± 0.83
Conclusions
(1) At an ambient temperature o f 29°C there is  no s ig n i f ic a n t  e f fe c t  on 
body temperature (e ith e r  core or skin) o f negative ions or earth ing (or 
not) in the presence o f ions.
(2) There is  a s ig n if ic a n t  sex d iffe rence in both skin and core temperature. 
The females have s l ig h t ly  high core and skin temperatures in  a l l  experiments. 
(Table 4.11).
4 .3 .2 .2 . Reaction times
TABLE 4.11a S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on auditory reaction times
Variables F Significance
(1) Conditions 0.075 0.928
(2) Time o f day 0.816 0.516
(3) Order o f presentation 1.002 0.369
(4) Sex 0.178 0.674
E ffec t o f variables on visual reaction times
Variables F Significance
(1) Conditions, 0.859 0.425
(2) Time o f day 0.343 0.849
(3) Order o f presentation 0.305 0.737
(4) Sex 0.115 0.735
Conclusions
(1) Neither the presence or absence o f negative ions or the presence or 
absence o f earthing in an ionized a i r  caused any change in reaction 
times.
(2) There were no s ig n if ic a n t  e ffec ts  o f time o f day, order o f  presenta­
t ion  or sex on reaction times.
4 .3 .2 .3  Bead threading
TABLE 4.12 Bead threading (x sex)
-ve ions 
earthed
-ve ions 
not earthed
no ions
No.beads/2 min. Mean t  SD Mean t  SD Mean - SD
Males 31.97 ± 3.60 33.85 + 4.73 32.47 -  3.57
Females 38.40 ± 4.78 37.25 + 4.88 37.25 + 6.29
Mean 35.19 t  5.40 35.55 t  5.05 34.86 ± 5.58
TABLE 4.13 S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on bead threading
Variables F S iginifcance p
(1) Conditions 0.632 0.533
(2) Time o f day 2.590 0.038*
(3) Order of presentation 9.082 < 0.001*
(4) Sex 74.010 < 0.001*
There was a s ig n if ic a n t  in te rac t io n  between conditions and order o f 
presentation (F = 9.050; P < 0.001). Subjects performed best when no ions
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were presented on the th i rd  day of a series and worst when th is  condition 
was presented on the f i r s t  day.
There was also s ig n if ic a n t  in te rac t io n  between conditions and sex 
(F = 5.535; P < 0.05). Table 4.13 i l lu s t ra te s  that females performed 
best in  the negative ion earthed environment w h ils t  males performed 
worst in th is  condition.
Conclusions;
(1) Negative ion iza tion  does not influence the performance o f  a bead 
threading task. There was also no e f fe c t  o f subject earthing on the 
performance o f th is  task.
(2) S ig n if ica n t e ffec ts  on bead threading performance could'be a t t r ib u te d  
to time o f  day, order o f presentation and sex.
4.3 .2 .4  Rotary pursu it
TABLE 4.14 S ta t is t ic s  (4 way analysis o f variance)
E ffect o f variables on ro ta ry  pursu it
Variables F Significance p
(1) Conditions 0.330 0.719
(2) Time, o f day 6.976 < 0.001*
(3) Order o f presentation 53.36 < 0.001*
(4) Sex 30.076 < 0.001*
Conclusions:
Time o f day, order o f presentation and sex have s ig n if ic a n t  e f fe c ts  
on performance.
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There is no s ig n if ic a n t  e f fe c t  o f conditions (presence or absence o f 
ions and earthing) o f ro ta ry  pu rsu it.
4.3.2.5 M irro r drawing
The resu lts  fo r  the m irror drawing task are presented in three ways.
(a) Time taken (maximum 300 seconds). The smaller the value, the be tte r 
is  the performance.
(b) Errors. The smaller the value the be tte r .
(c) Score. Derived from both errors and time: 300-time (secs) x —  -----\ j \ / errors
The la rger the value the be tte r the performance.
TABLE 4.15 S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on m irror drawing
Variables F Significance p
(a) Time taken
(D Conditions 0.984 0.375
(2) Time o f day 6.224 < 0.001*
(?) Order o f presentation 35.589 < 0.001*
(4) Sex 3.220 0.074
(b) Errors
(1) Conditions 2.924 0.056(*)
(2) Time o f day 0.211 0.932
(3) Order o f presentation 3.948 0.021*
(4) Sex 1.095 0.297
(c) Score
(1) Conditions 0.116 0.891
(2) Time o f day 0.289 0.885
(3) Order o f presentation 0.651 0.523
(4) Sex 19.486 < 0.001*
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The fo llowing in te rac tions  were s ig n if ic a n t .
( a) Time taken
( i )  Conditions and order o f presentation (F = 9.401; P < 0.001)(Table 1 Appendix)
(b) Errors
( i )  Conditions and sex (F = 7.465; P < 0.001) (Table 2 Appendix)
( i i )  Conditions and order o f presentation (F = 10.677; P < 0.001)
( i i i )  Sex and order o f presentation (F = 11.201; P < 0.001)
(c) Score
( i )  Conditions and order o f presentation (F = 2.552; P < 0.04)
Conclusions
(1) There is  a consistent progressive reduction in e rro r between negative 
ions not earthed, negative ions earthed and no ions. The lowest e rro r  rate 
is in the non-ionized condition.
(2) The speed o f performance (time taken) is  s ig n i f ic a n t ly  dependent upon 
time o f day and order of presentation. In a l l  three conditions time taken 
decreased progressively throughout the morning being some 30-50% fa s te r  a t 
13.00 hrs. as compared to 11.00 hrs. (Table 1 Appendix). In the negative 
ions (earthed) condition there is  a progressive decrease in time taken 
during the three days o f the experiment (Table 2 Appendix).
(3) There is  a s ig n if ic a n t  e f fe c t  o f sex on the task score. Females 
performed very much be tte r -  on average 214% be tte r - than the males.
128
4.3.2.6 Logic reasoning
TABLE 4.16 S ta t is t ic s  (4 way analysis o f variance)
E ffec t of variables on log ic  reasoning
Variables F Significance p
(a) No. attempted
(1) Conditions 0.048 0.953
(2) Time o f  day « 0.227 0.923
(3) Order o f presentation 9.088 < 0.001*
(4) Sex 46.979 < 0.001*
(b) Score
(1) Conditions 0.062 0.940
(2) Time o f day 0.448 0.774
(3) Order o f  presentation 1.258 0.286
(4) Sex 22.629 < 0.001*
For both numbers attempted and score there was a s ig n i f ic a n t  in te ra c t io n  
between conditions and order of presentation (F = 3.854; P < 0.05 and 
F = 5.068; P < 0.001 respective ly ).
Conclusions
(1) There is  no e f fe c t  o f ions or o f subject earthing on lo g ic  reasoning 
performance.
(2) For number attempted there was a s ig n if ic a n t  e f fe c t  o f order o f 
presentation on performance. This was seen maximally on the negative ion 
(earthed) condition (113% greater on the th i r d  day as compared to the f i r s t ) .
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(3) For both number attempted and score there was a s ig n i f ic a n t  sex 
d iffe rence. Females performed on average 36% be tte r than the males on 
speed and 12% be tte r on overall score.
4.3 .2.7 Subjective ra t ing  scores
TABLE 4.17 Subjective ra t ing  scales (S ta t is t ic s )
4 w ay analysis o f variance
Rating scale Conditions* Order o f presentation Sex
(a) Atmosphere
Hot-cold 0.931 0.327 0.278
Pleasant-unpleasant 0.685 0.091 0.018*
Fresh-stu ffy 0.940 0.800 0.137
Pleasing-annoying 0.551 0.257 0.835
Comfortable-uncomfortable 0.855 0.255 0.211
Good-bad 0.915 0.216 0.167
(b) Subjects
Hot-cold 0.268 0.991 0.110
Comfortable-uncomfortable 0.502 0.959 0.128
Pleasant-unpleasant 0.444 0.695 0.998
Alert-drowsy 0.220 0.414 0.007*
' Wei Ibei ng
Best-worst 0.310 0.758 0.708
No.of headaches - - -
Severity
Mild-severe - - -
p values only given fo r  s im p l ic i ty
* conditions re fe r  to differences between the three environments 
(ions and/or earthing)
Conclusions
(1) There were no s ig n i f ic a n t  e ffec ts  on sub jects '• ra t ing  o f the atmos­
phere or themselves tha t could be a tt r ibu ted  to the environmental 
conditions.
(2) There were s ig n if ic a n t  sex differences in ra t ing  o f atmospheric 
'pleasantness' and subjective 'a le r tn e ss '.  Females rated the atmosphere 
to. be more unpleasant regardless o f the p reva il ing  conditions, and females 
also rated themselves more drowsy, again independent o f  the atmospheric 
conditions.
4 .3 .2 .8  5-Hydroxyindoleacetic acid (5HIAA) excretion in urine
TABLE 4.18 5-Hydroxyindoleacetic acid (5HIAA) excretion in  urine
Average excretion (pg/hr) earthedS -ve ions not earthed No ions
Mean t  SD
3 hours (10.00-13.00 hrs) 170.1 t  304.8
Mean t  SD 
182.5 t  426.5
Mean i  SD 
176.7 t  387.0
TABLE 4.19 Comparison o f subjects ' 5HIAA excretion in three d i f fe re n t  
conditions
Comparing No. showing r ise No. showing f a l l
Earthed with not earthed 9 (1) 7
Earthed with no ions 8 (2) 7
Not earthed with no ions 8 (3) 8
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Note
(1) Subjects showing greater excretion rate in  the not earthed (with ions) 
condition compared to the earthed (with ions) condition.
(2) Subjects showing greater excretion rate in the no ions (con tro l)  
condition as compared to the earthed (with ions) conditions.
(3) Subjects showing greater excretion rate in the no ions (con tro l)
i
condition as compared to the not earthed (with ions) conditions. 
Conclusions
(1) There is  no d ifference in excretion rates comparing the whole group 
in the three d i f fe re n t  conditions (Table 4.18).
(2) Some subjects show a r ise  in excretion rate and some a f a l l  when 
compared in any two conditions (Table 4.19). These are about equally 
divided (50% showing a r ise  between any two conditions and 50% a f a l l ) .
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4.3.3 Experiment 3
4.3.3.1 Body temperature
TABLE 4.20 S ta t is t ic s  (4 way analysis of variance)
E ffec t o f variables on deep body temperature
Variables F S ig n if ic a n c e  p
(1) Humidity 6.664 0.011*
(2) Time o f day 0.073 0.990
(3) Order o f presentation 4.979 0.027*
(4) Sex 0.017 0.896
E ffect o f variables on skin temperature
Variables F Significance p
(1) Humidity 11.875 < 0.001* ,
(2) Time o f day 0.372 0.828
(3) Order o f presentation 0.005 0.946
(4) Sex 11.688 < 0.001*
For deep body temperature s ig n i f ic a n t  in te rac tions  occurred between:
(1) Humidity and order o f presentation (F = 12.824; P < 0.001)
(2) Humidity and sex (F = 16.816; P < 0.001)
(3) Order o f presentation and sex (F = 8.040; P < 0.005)
(4) three way in te rac t io n  between order o f presentation, humidity and sex
(F = 12.264; P < 0.001)
For skin temperature s ig n if ic a n t  in te rac t io n  occurred between:
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three way in te rac t io n  between order o f presentation, humidity and sex 
(F = 13.506; P < 0.01).
Conclusions
(1) A high humidity (a t a constant dry bulb temperature) does not re s u lt  
in any change in deep body (core) temperature.
(2) A high humidity causes a r ise  in average skin temperature o f  0.63°C
which is  h igh ly s ig n if ic a n t  (P < 0.001).
(3) There was no s ig n i f ic a n t  d ifference in the core temperature between 
males and females. There was a s ig n if ic a n t  (P <0.001) d iffe rence in  the 
skin temperature; females being on average 0.64OC higher in  the dry con­
d i t io n  and 0.61°C higher in the humid condition .
4.3 .3 .2  Reaction times
TABLE 4.21 S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on auditory reaction time
Variables F Significance p
(1): Humidity 0.022 0.881
(2) Time o f day 0.379 0.824
(3) Order o f presentation 2.430 0.122
(4) Sex 0.297 0.587
Effect o f variables on visual reaction time
Variables F Significance p
(1) Humidity „ 5.404 0.022*
(2) Time o f day 0.162 0.957
(3) Order o f presentation 3.096 0.081
(4) Sex 0.102 0.750
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Conclusions
(1) There are no s ig n i f ic a n t  e ffec ts  o f humidity on auditory reaction times 
and no detectable time o f  day e f fe c t .  There are also no s ig n i f ic a n t  
d ifferences between the sexes in  the performance o f  th is  task.
(2) Humidity has a s ig n i f ic a n t  e f fe c t  on the visual reaction time. In the 
dry condition subjects respond on average 0.138 m. secs, fa s te r  (5.6%).'
4 .3 .3 .3  Bead threading
TABLE 4.22 S ta t is t ic s  (4 way analysis o f variance)
Effects o f variables on bead threading
Variables F Significance p
(1) Humidity 1.303 0.256
(2) Time o f  day 2.049 0.092
(3) Order o f presentation 9.973 0.002*
(4) Sex 49.013 < 0.001*
Conclusions
(1) There was no s ig n if ic a n t  d iffe rence in bead threading between the 
dry and humid environment.
(2) There is  a h igh ly  s ig n if ic a n t  sex d ifference in a b i l i t y  to thread 
beads. The females were be tte r by 4.87 beads/2mins.
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4.3 .3.4  Rotary pursuit
TABLE 4.23 S ta t is t ic s  (4 way analysis of variance)
Effect o f variables on ro ta ry  pursuit
Variables F Significance p
(1) Humidity 0.025 0.875
(2) Time o f day 1.874 0.119
(3) Order o f presentation 20.094 < 0.001*
(4) Sex 0.591 0.443
Cone!usions
(1) There was a s ig n i f ic a n t  e f fe c t  of order o f presentation on performance 
o f ro tary  pursu it. When the dry condition was presented on the second 
day the performance was 46% be tte r than when presented on the f i r s t  day. 
When the humid condition was presented on the second day the performance 
was 29% be tte r than when presented on the f i r s t  day. This suggests tha t 
there was a considerable learning e f fe c t  despite the fac t tha t subjects 
were well practiced before tes t ing  commenced.
(2) There is  no e f fe c t  o f humidity on the performance o f th is  task in an 
ionized environment.
136
4.3.3.5 M irror drawing
TABLE 4.24 S ta t is t ic s  (4 way analysis o f variance)
E ffec t o f variables on m irror drawing
Variables F Significance p
(a) Time taken (secs)
(1) Humidity 1.711 0.193
(2) Time o f day 9.249 < 0.001*
(3) Order o f  presentation 40.160 < 0.001*
(4) Sex 11.318 < 0.001*
(b) Errors (no.)
(1) Humidity 0.081 0.776
(2) Time o f day 0.172 0.952
(3) Order o f  presentation 5.128 0.025*
(4) Sex 11.271 < 0.001*
(c) Score
•
(1) Humidity 0.223 0.638
(2) Time of day 0.924 0.452
(3) Order o f presentation 0.502 0.480
(4) Sex 9.024 0.003*
Conclusions
(1) There were no s ig n if ic a n t  e ffec ts  o f humidity on the m irro r  drawing 
task.
(2) There were h igh ly  s ig n if ic a n t  e ffec ts  on performance o f  time o f  day,
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order o f presentation and sex fo r  time taken.
(3) There was a s ig n if ic a n t  e f fe c t  o f order o f presentation and sex on 
performance fo r  e r ro rs .
(4) For th is  task the females worked fa s te r  than the males but made con­
siderab ly more errors. This is  re flec ted  also in a s ig n if ic a n t  sex d ifference 
in score. The females' score was 38% be tte r than the males in  the dry and 
53% be tte r in  the humid.
4.3.3.6 Logic reasoning
TABLE 4.25 S ta t is t ic s  (4 way analysis o f variance)
Effect o f variables on log ic  reasoning
Variables F Significance p
(a) No. attempted
(1) Humidity 0.322 0.572
(2) Time o f day 0.784 0.538
(3) Order o f  presentation 6.735 0.011*
(4) Sex 27.961 < 0.001
(b) Score
(1) Humidity 0.739 0.392
(2) Time o f day 1.734 0.147
(3) Order o f presentation 4.549 0.035*
(4) Sex 13.868 < 0.001*
Conclusions
(1) There was no s ig n if ic a n t  e f fe c t  o f humidity on log ic  reasoning, 
performance.
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(2) There was a s ig n i f ic a n t  e f fe c t  o f order of presentation ( speed: 16.6% 
b e tte r on second day in dry, 6.4% be tte r in humid. Score: 1.2% be tte r on 
second day in dry, 14.4% be tte r in humid).
(3) There was a s ig n if ic a n t  sex d ifference in  performance o f the log ic  
reasoning task. (Speed: 22.9% be tte r in dry, 26% be tte r in humid. Score: 
females 17.6% be tte r in dry, 10.3% be tte r in humid).
4 .3 .3 .7  Subjective ra t ing  scores
TABLE 4.26 Subjective ra t ing  scale (S ta t is t ic s )
Rating scale Humidity p Order o f presentation p Sex p
(a) Atmosphere
Hot-cold 0.006* 0.717 0.572
Pleasant-unpleasant 0 .011* 0.911 0.810
Fresh-stu ffy 0.100 0.400 0.214
Pleasing-annoying 0.098 0.886 0.380
Comfortable-uncomfortable 0.053(*) 0.933 0.574
Good-bad 0.274 0.316 0.552
(b) Subject
Hot-cold 0.047* 0.850 0.999
Comfortable-uncomfortable 0.111 0.758 0.699
Pleasant-unpleasant 0.456 0.578 0.631
Alert-drowsy 0.374 0.918 0.880
Wellbeing
Best-worst 0.065 0.402 0.194
No.of headaches - - -
Severity
Mild-severe - - -
IP values only given fo r  s im p l ic i ty  
4 way analysis o f  variance
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Conclusions
(1) The only s ig n if ic a n t  e ffec ts  were re la ted to humidity. Subjects rated 
the atmosphere and themselves warmer in the humid environment. They rated
the atmosphere to be more unpleasant in the humid environment.
(2) A ra t ing  of more uncomfortable atmosphere and worse fee ling  o f w e ll-
being in the humid environment almost reached 95% s ign if icance .
4.3.3.8 5-Hydroxyindoleacetic acid (5HIAA) excretion
TABLE 4.27 5-Hydroxyindoleacetic acid excretion in urine
Average excretion (yg/hr) Dry Humid
Mean ± SD Mean i  SD
3 hours (10.00 - 13.00 hrs) 158.8 t  110.0 130.1 + 205.6
Conclusions
(1) There is  no s t a t is t i c a l l y  s ig n if ic a n t  d ifference in  excretion o f 
5HIAA by looking a t average excretion in the two conditions.
(2) I f  one considers only those subjects whose excretion increased (10 
subjects) in the dry condition the d iffe rence becomes h igh ly  s ig n i f ic a n t  
( t  = 4.527; P < 0.001).
(3) When considered in d iv id u a l ly  71% o f subjects show an average increase 
o f 236% in the dry condition ; 29% show a smaller decrease (46%) which is  
not s ig n if ic a n t  ( t  = -3.88; P = 0.985). This tends to suggest th a t the 
71% of subjects who are "sens it ive " respond more to ions in  a dry atmos­
phere than in the humid atmosphere.
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4.3.4 Between Experiment Analysis
Experiment 2 and _3 comprised the three variables - subjects earthing 
condition and atmospheric humidity in the fo llow ing ways:
Experiment 2 .
(a) No ions, subjects earthed, high humidity
(b) -ve ions, subjects earthed, high humidity
(c) -ve ions, subjects not earthed, high humidity
Experiment 3
(a) -ve ions, subjects not earthed, low humidity
(b) -ve ions, subjects not earthed, high humidity.
I t  is  possible therefore to  analyse between experiments to  confirm 
the resu lts  obtained by analysing w ith in  experiments. In th is  way the 
two experiments w i l l  have d i f fe re n t  ind iv idua ls  as subjects in  contrast 
to the preceding analysis where each subject is  compared with h imself in 
the d i f fe re n t  environments. I t  is therefore possible to  compare:
(1) Experiments 2 (c) w ith 3^ (b) (which employ the same set o f variables 
but subjects are d i f fe re n t ) .
(2) Experiments 2 (c) with 3 (a) (which subjects and humidity are va r ia b les ) .
(3) Experiments 2 (b) w ith 3^ (b) (which w i l l  te s t  the e ffec ts  o f earthing
in high humidity environment).
1. Experiments 2 (c) w ith 3 (b)
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TABLE 4.28 E ffec t o f variables on core temperature
Variables F Significance p
Order o f presentation 0.218 0.805
Time o f day 0.917 0.404
Sex 8.878 0.004*
Experiment 2.217 0.141
TABLE 4.29 E ffect o f variables on skin temperature
Variables F Significance p
Order o f presentation 4.954 0.009*
Time o f day 0.603 0.550
Sex 9.547 0.003*
Experiment 5.353 0.023*
TABLE 4.30 E ffec t o f variables on reaction times
Variables F Significance p
Auditory reaction time
Order o f presentation 0.234 0.792
Time of day 1.557 0.217
Sex 1.701 0.196
Experiment 0.315 0.576
Visual reaction time
Order o f presentation 0.474 0.624
Time o f day 0.214 0.808
Sex 1.306 0.257
Experiment 0.097 0.756
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TABLE 4,31 E ffects o f variables on bead threading
Variables F Significance p
Order o f presentation 3.281 0.043*
Time o f day 1.464 0.238
Sex 22.090 < 0.001*
Experiment 0.213 0.646
TABLE 4.32 Effects o f variables on m irro r drawing
Variables F Significance p
Time taken
Order o f presentation 25.836 < 0.001*
Time o f day 2.979 0.057(*)
Sex 12.928 < 0.001*
Experiment 13.617 < 0.001*
Errors
Order o f  presentation 7.469 < 0.001*
Time o f day 0.011 0.989
Sex 9.494 < 0.001*
Experiment 1.445 0.233
Score
Order o f  presentation 0.648 0.526
Time o f day 1.394 0.254
Sex 4.086 0.047*
Experiment 2.016 0.160
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TABLE 4.33 Effects o f variables on log ic  reasoning
Variables F Significance p
No. attempted
Order o f presentation 1.257 0.290
Time o f day 0.140 0.870
Sex 14.445 < 0.001*
Experiment 4.493 0.037*
Score
Order o f presentation 8.823 < 0.001*
Time o f day 0.273 0.762
Sex 15.058 < 0.001*
Experiment 6.883 < 0.010*
TABLE 4.34 Effects o f variables on ro tary  pursu it
Variables F Significance p
Order o f presentation 17.204 < 0.001*
Time o f day 3.038 0.020*
Sex 6.545 0.012*
Experiment 0.011 0.917
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TABLE 4.35 E ffec t o f variables on subjecting ra t ing  scales
Rating Order o f presentation Sex p Experiment p
(a) Atmosphere
Hot-cold 0..054(*) 0.804 0.403
Pleasant-unpleasant 0.388 0.749 0.184
Fresh-stu ffy 0.170 0.333 0.595
Pleasing-annoying 0.082 0.786 0.556
Comfortable-uncomfortabl e 0.265 0.645 0.616
Good-bad 0.715 0.885 0.500
(b) Subject f
Hot-cold 0.283 0.912 0.531
Comfortable-uncomfortable 0.322 0.231 0.999
Pleasant-unpleasant 0.153 0.871 0.843
Alert-drowsy 0.629 0.197 0.317
Wellbeing
Best-worst 0.122 0.313 0.100
No. o f headaches - - -
Severity
Mild-severe —
Significance (p) values only given
Conclusions
(1) There is  a s ig n if ic a n t  e f fe c t  o f sex on core and skin temperature. 
Average female core temperature is  0.35°C higher than males; average 
female skin temperature is 0.73*^ higher than males.
(2) There is  a s ig n if ic a n t  sex d ifference in bead threading w ith  females 
performing be tte r than males.
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(3) There is  a sex d iffe rence in m irro r drawing fo r  both speed, errors and 
score. Females perform fa s te r ,  w ith more e rro rs , but with an overa ll be tte r 
score.
(4) There is  a between-experiments d ifference fo r  m irro r drawing. This 
indicates tha t when d i f fe re n t  subjects are compared in the same environ­
ment the resu lts  may not be comparable.
(5) There is  a sex d ifference in log ic  reasoning fo r  both speed and core. 
Females worked fas te r  and achieved a be tte r overa ll score.
(6) There is a between-experiments d ifference fo r  log ic  reasoning (number 
attempted and score).
(7) There are no differences in subjective ra ting  between the experiments.
2. Experiment 2 (c) with 3 (a)
TABLE 4.36 E ffec t o f variables on core temperature
Variables F Significance p
Order o f presentation 2.910 0.061
Time o f day 0.085 0.918
Sex 0.492 0.485
Experiment 0.055 0.815
TABLE 4.37 E ffec t o f variables on skin tempera
Variables F Significance p
Order o f presentation 7.564 < 0.001*
Time o f day 1.086 0.343
Sex 11.759 < 0.001*
Experiment 0.161 0.689
I *tu
TABLE 4.38 E ffec t o f variables on reaction time
Variables F Significance p
Auditory reaction time
Order o f presentation 5.002 0.009*
Time of day 0.623 0.523
Sex 0.111 0.740
Experiment 3.688 0.059
Visual reaction time
Order o f presentation 0.448 0.641
Time o f day 0.289 0.749
Sex 0.012 0.913
Experiment 2.821 0.097
TABLE 4.39 E ffec t of variables on bead threading
Variables F Significance p
Order o f presentation 12.588 < 0.001*
Time o f day 2.402 0.097
Sex 33.338 < 0.001*
Experiment 0.282 0.597
TABLE 4.40 E ffec t o f variables on m irro r drawing
Variables F Significance p
Time taken
Order o f presentation 16.624 < 0.001*
Time of day 8.557 < 0.001*
Sex 4.068 0.047*
Experiment 6.536 0.013*
Table 4.40 cont/d
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Variables F Significance p
Errors
Order o f presentation 6.744 0.002*
Time o f day 0.286 0.752
Sex 14.205 < 0.001*
Experiment 0.739 0.393^
Score
Order o f presentation 2.472 0.091
Time of day 0.735 0.483
Sex 5.701 0.019*
Experiment 0.043 0.836
TABLE 4.41 E ffect o f variables on log ic  reasoning
Variables F S ig n if ic a n c e  p
No. attempted
Order o f presentation 5.955 0.004*
Time o f day 0.141 0.869
Sex 18.519 < 0.001*
Experiment 1.186 0.280
Score
Order o f presentation 4.243 0.018*
Time o f day 0.575 0.565
Sex 12.552 < 0.001*
Experiment 1.674 0.200
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TABLE 4.42 E ffec t o f variables on ro ta ry  pursu it
Variables F S ign if ica nce .p
Order o f presentation 19.892 < 0.001*
Time o f day 0.060 0.807 .
Sex 2.649 0.036*
Experiment 0.545 0.462
TABLE 4.43 E ffec t o f variables on subjective ra t ing  scales
D , . Order o f 
a ln 9 presentation
P
Sex p Experiment p
(a) Atmosphere
Hot-cold 0.096 0.069 0.745
Pleasant-unpleasant 0.545 0.785 0.654
Fresh-stu ffy 0.018* 0.752 0.958
Pleasing-annoying 0.086 0.750 0.154
Comfortable-uncomfortable 0.518 0.696 0.566
Good-bad 0.246 0.700 0.663
(b) Subject
Hot-cold 0.046* 0.455 0.748
Comfortable-uncomfortable 0.285 0.373 0.267
Pleasant-unpleasant 0.954 0.786 0.996
Alert-drowsy 0.374 0.382 0.464
Wellbeing
Best-worst 0.468 0.340 0:465
Mild-severe — ""
S ignificance (p) value only given
Conclusions
(1) There is  a s ig n if ic a n t  e f fe c t  o f sex on skin temperature. Females have
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on average a 0.48°C higher skin temperature.
(2) There is  a sex d ifference in bead threading with females performing 
s ig n i f ic a n t ly  be tte r.
(3) There is  a sex d iffe rence in  m irro r drawing. Females worked fa s te r ,  made 
more e rro rs ,  but achieved a be tte r overa ll score.
(4) There is  a between-experiment d ifference ind ica ting  th a t humidity a ffec ts  
performance (speed of performance on ly).
(5) There is  a sex d ifference in log ic  reasoning score and number attempted. 
Females worked fa s te r  and achieved a be tte r score.
3. Experiment 2 (b) with 3 (b)
TABLE 4.44 Effects o f variables on core temperature
Variables F Significance p
Order o f presentation 1.793 0.173
Time of day 0.506 0.605
Sex 10.795 0.002*
Experiment 5.833 0.018*
TABLE 4.45 . E ffect o f variables on skin temperature
Variables F Significance p
Order o f presentation 0.515 0.599
Time o f day 0.082 0.921
Sex 9.534 0.003*
Experiment 0.108 0.743
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TABLE 4.46 Effects of variables on reaction time
Variables F Significance p
Auditory reaction time
Order o f presentation 0.130 0.878
Time o f day 0.323 0.725
Sex 0.023 0.879
Experiment 1.730 0.192
Visual reaction time
Order o f presentation 1.157 0.320
Time o f day 0.061 0.940
Sex 0.181 0.672
Experiment 0.021 0.886
TABLE 4.47 Effects o f variables on m irro r drawing
Variables F Significance p
Time taken
Order o f presentation 20.975 < 0.001*
Time of day 2.124 0.126
Sex 0.609 0.438
Experiment 13.565 < 0.001*
Errors
Order o f presentation 13.099 < 0.001*
Time o f day 0.067 0.936
Sex 0.178 0.674
Experiment 5.984 0.017*
Score
Order of presentation 0.118 0.889
Time o f day 1.091 0.341
Sex 3.908 0.051(*)
Experiment 5.669 0.020*
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TABLE 4.43 Effects o f variables on log ic  reasoning
Variables F Significance p
No. attempted
Order o f presentation 6.361 0.003*
Time o f day 0.372 0.690
Sex 10.264 0.002*
Experiment 9.738 0.003
Score
Order o f presentation 3.956 0.023*
Time of day 0.320 0.727
Sex 7.136 0.009*
Experiment 5.619 0 .020*
TABLE 4.49 Effects o f variables on ro ta ry  pursu it
Variables F Significance p
Order o f presentation 19.555 < 0.001*
Time o f day 5.856 0.017*
Sex 3.955 0.005*
Experiment 1.078 0.301
TABLE 4.50 E ffect o f variables on subjective ra t ing  scores
Variables Order o f presentation Sex Experiment
(a) Atmosphere
Hot-cold 0.024* 0.224 0.212
pleasant-unpleasant 0.050* 0.428 0.178
Fresh-stu ffy 0.160 0.038* 0.328
Pleasing-annoying 0.290 0.535 0.725
Comfortable-uncomfortable 0.063 0.551 0.209
Good-bad 0.227 0.604 0.444
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Table 4.50 cont/d
Variables Order o f presentation Sex Experiment
(b) Subject
Hot-cold 0.295 0.923 0.204
Comfortable-uncomfortabl e 0.165 0.649 0.103
Pleasant-unpleasant 0.360 0.967 0.833
Alert-drowsy 0.030* 0.483 0.742
Wei 1 being
Best-worst 0.046* 0.583 0.229
No. o f headaches - - -
Severity
Mild-severe 0.908 0.469 0.605
Significance (p) values only given
Conclusions
(1) There is  a sex d ifference in core and skin temperature. Females have 
on average 0.18°C higher core temperature and 0.58°C higher skin tempe­
rature.
(2) There is  a s ig n if ic a n t  between-experiment e f fe c t  on core temperature. 
Earthing appears to cause a s l ig h t  reduction in  core temperature (0.17°C). 
There is  no apparent reason fo r  th is .
(3) There is  a h ighly s ig n if ic a n t  d ifference between experiments fo r  
m irror drawing performance. In the earthed condition subjects performed 
more slowly, marginally less e rro rs , but achieved a much lower overa ll 
score.
(4) There is a sex d ifference in log ic  reasoning score and number attempted. 
Females work fas te r  w ith a be tte r overa ll score.
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(5) There is  a s ig n if ic a n t  d ifference between experiments fo r  log ic  
reasoning score and number attempted. In the earthed condition subjects 
worked slower and achieved a lower score. Earthing appears to  cause a 
reduction in performance.
(6) There is  a sex d ifference in subjective ra t ing  o f f r e s h -s tu f f i  ness. 
Females rate the atmosphere more s tu f fy  than males.
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4.4 Discussion
Three experiments were carried out to study the e f fe c t  o f negative 
ions, earthing and humidity on performance. The resu lts  o f these experi­
ments have been analysed by 4-way analysis o f variance w ith in  experiments. 
The resu lts  o f psychomotor tasks do not support a conclusion tha t negative 
ions produce an improvement in task performance, under the conditions o f 
the present study.
Even though there are s ig n i f ic a n t  d ifferences in experimental con­
d it io n s  used in the work reported here and tha t reported in the l i t e r a tu r e ,  
the present resu lts  are consistent in  part with Chiles (1950) and Dreher 
(1964) and inconsistent w ith Slote (1960).
The most c lose ly re lated experiment in terms o f techniques and 
conditions, was tha t carried out by Hawkins (1978); th is  showed, in  con­
t ra s t  to the present re su lts ,  an improvement o f performance in a negative 
ion condition . Hawkins' experiment was carried out at 19°C and 5($RH, 
w h ile , the present studies were performed a t 29°C and do not reveal a c lear 
e f fe c t  o f ions on performance.
There are a number o f s ig n if ic a n t  e ffec ts  on performance in  re la t io n  
to time o f day, order o f presentation and sex. The time o f day e f fe c t  in 
most cases re f le c ts  a normal circadian rhythm. I t  rciay_aJ-&© be possible 
tha t improvement in performance may in part be due to practice . Per­
formance improvement is  more l i k e ly  where there is  an order o f presentation 
e f fe c t ,  whereby performance e f f ic ie n cy  increases over the two or three 
days of the experiment.
The analysis o f variances o f data excluded ind iv idua l v a r ia t io n ,  and
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var ia t ion  due to sex, time o f day and order o f presentation, when determining 
the e ffec ts  o f atmospheric conditions. With a few exceptions atmospheric 
conditions have no s ig n if ic a n t  e f fe c t  on performance. The exceptions are 
as fo llows:
(1) Humidity reduces visual reaction times m  Experiment _3 (Table 4.21).
(2) Negative ions have a s ig n i f ic a n t  e f fe c t  on m irror drawing in Experiment 
2 (Table 4.15). However, the e rro r rate is  seen to be higher in  the 
ionized environment.
(3) Females improved th e i r  performance at ro ta ry  pursu it tasks in  the 
ionized a i r  in Experiment 1 (Table 4 .7 ) ,  w h i ls t  males showed a decline in 
performance. This is  also confirmed in Experiment 2_ (Table 4 .14), where 
females are considerably be tte r than the males in the negative ions earthed 
condition.
There is  thus no clear demonstration under the condition o f these ex­
periments, tha t negative ions improved performance.
The possible cause o f improving the performance under negative ion 
conditions may be due to the thermoregulatory e ffec ts  o f serotonin. Sero­
ton in , in the hypothalamus, has been ascribed the ro le  o f con tr ibu ting  to 
body temperature regu la tion , and i t  may well be tha t the f lu c tu a t io n s  in  
the levels o f serotonin may cause changes in body temperature. According 
to Lessin (1959), administration o f serotonin induced hypothermia .in most 
o f the experimental animals; on the other hand, Krueger (1968,1969) showed 
tha t negative ions decreased the level o f serotonin in the blood and brain 
tissues. Thus, i t  is possible that a decrease in level o f serotonin causes 
a r ise  in body temperature. This is  consistent with the observation th a t
females generally performed be tte r at a task than males, and i t  may be due 
to th e i r  s l ig h t ly  higher core temperature.
I t  was indicated e a r l ie r  tha t according to the serotonin hypothesis, 
breathing negative ions, reduced the level o f serotonin and as a re s u lt  
the level o f 5HIAA w i l l  increase in  body tissues and consequently in ur ine.
In these experiments 5HIAA was measured to provide an assessment o f  the 
e ffec ts  o f negative ions on the nervous system, although any in te rp re ta t io n  
o f th is  kind would have to take in to  account the fa c t tha t a large propor­
t ion  o f  u rinary 5HIAA is  from in te s t in a l o r ig in .  Thus ur inary excretion 
o f 5HIAA is not a re l ia b le  fa c to r  to determine the e f fe c t  o f  negative ions 
on the nervous system.
The resu lts  o f these experiments are equivocal, but the general trend 
o f excretion indicates tha t the level of 5HIAA increased in negative ion 
condition. In Experiment ]^, 71% of the subjects showed a s ig n i f ic a n t  in ­
crease in 5HIAA excretion and 29%, a (non s ig n if ic a n t)  decrease (Table 4 .10); 
in Experiment 2 h a lf  o f  the subjects showed an increase and the other h a l f  
a decrease in excretion o f 5HIAA (Table 4.18). In Experiment 3^ , in dry 
condition 5HIAA excretion increased in 71% o f the subjects and decreased 
in 29% (Table 4.27). From Experiment 3,  i t  was concluded th a t humidity 
has an important e f fe c t  on survival o f negative ions. I t  has been demon­
strated (Appendix page 197 ) that the surviva l o f  negative ions in  dry 
conditions is  twice as long as tha t in  humid conditions. Although the 
resu lts  o f Experiment 2 ind icate that there is  no s ig n if ic a n t  change in 
the level o f 5HIAA excretion, i t  is  concluded from Experiments 1_ and _3 tha t 
approximately 3/4 o f the ind iv idua ls  show a large increase in  5HIAA excretion 
in negative ion condition . About 1/4 show no change or a small f a l l  in 
th e i r  excretion.
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The resu lts  o f  these experiments support in part Krueger's hypothesis, 
although no re la t ionsh ip  between 5HIAA excretion and performance is  evident 
from the present re su lts .
More d e ta i ls  about the possible re la tionsh ips between negative ions 
and performance are given in the General In troduction .
Analysis o f variance between the experiments were carried out and the 
resu lts  are given as fo llows:
A comparison between Experiment 2 (c) (negative ions, subjects not 
earthed, high humidity) and Experiment _3 (b) (negative ions, subjects not 
earthed, high humidity) revealed tha t there is  a s ig n if ic a n t  d iffe rence 
between experiments fo r  skin temperature, m irror drawing (time taken) and 
log ic  reasoning (c f .  Tables 4.29, 4.32 and 4.33). These resu lts  ind ica te  
that an experiment in which the same subjects are exposed to several 
d i f fe re n t  environments may y ie ld  d i f fe re n t  resu lts  from an experiment in 
which d i f fe re n t  ind iv idua ls  are exposed to the d i f fe re n t  environment.
A comparison between Experiment 2 (c) (negative ions, subjects not 
earthed, high humidity) and Experiment _3 (a) (negative ions, subjects not 
earthed, low humidity) indicates a s ig n if ic a n t  d iffe rence between sex in  
skin temperature, bead threading, m irro r drawing, log ic  reasoning and 
ro ta ry  pursu it (c f .  Tables 4.37, 4.39, 4.40, 4.41 and 4.42). In a l l  o f  
the tasks, females worked fa s te r  and achieved be tte r scores. There is  
also a s ig n if ic a n t  d ifference between experiments in m irro r drawing (time 
taken).
The resu lts  from the comparison between Experiment 2 (b) (negative ions, 
subjects earthed, high humidity) and Experiment 3 (b) (negative ions, subjects
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not earthed, high humidity) ind icate a s ig n if ic a n t  d iffe rence between 
experiments fo r  core temperature, m irro r drawing and log ic  reasoning 
(c f .  Tables 4.44, 4.47 and 4.48). The average s ta t ic  charge fo r  dry and 
humid conditions are given in Table (4.1) and ind ica te  tha t s ta t ic  charge 
in humid condition is  + 11.5 v o l ts ,  whereas in dry atmosphere i t  is  
+ 622 v o lts .
I t  is  possible to conclude from the availab le evidence tha t people who 
have a higher s ta t ic  charge perform less well than those with a low surface 
s ta t ic  charge. However, there are certa in  d i f f i c u l t i e s  in ' th e  measurement 
o f surface charges tha t do not allow a d e f in i te  conclusion on the po in t.
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CHAPTER 5
EFFECTS OF NEGATIVE AIR IONS 
ON PAIN PERCEPTION CONCERNING 
RHEUMATOID ARTHRITIS PATIENTS
160
5.1 Introduction
5.1.1 Pain
The f ie ld  o f  pain research and theory has developed ra p id ly  in 
recent years. These developments have come from many d is c ip l in e s ,  
including psychology, physiology and c l in ic a l  medicine. As a re su lt  o f  
th is  progress, new techniques have been proposed fo r  the treatment o f 
pain.
Pain, (Melzack 1973) is  a h ighly personal, variable experience 
which is  influenced by cu ltu ra l learn ing , the meaning o f the s i tu a t io n ,  
a tten tion  and other cognitive a c t iv i t ie s .
I t  is customary to describe the somatosensory system as proceeding 
from the peripheral receptors to the transmission routes tha t carry 
nerve impulses to areas in the brain. However, i t  is  essential to 
remember tha t s tim u la tion o f  receptors does not mark the beginning o f 
the pain process.. Rather, stim ula tion produces neural signals tha t 
enter an active nervous system tha t ( in  the adu lt organism) is  already 
the substrate o f past experience, cu ltu re ,  anxiety, and so fo r th .
These brain processes a c t ive ly  pa rt ic ip a te  in the selection, abstraction 
and synthesis o f  information from the to ta l  sensory input. Pain, then, 
is  not simply the end product o f a l in e a r  sensory transmission system.
Rather, i t  is  a dynamic process which involves continuous in te rac tions  
among complex ascending and descending systems.
Personality and Sociocultural Factors
Indiv idual v a r ia b i l i t y  in .response to pain has been approached in  a t 
least 2 major ways’ from-the standpoint o f  personality  variables,and from tha t
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o f cu ltu ra l determinants. A number o f studies have attempted to establish 
a personality  p ro f i le  fo r  the chronic pain su ffe re r. Thus several 
authors (Bond 1973; Sternbach 1975) have reported elevations in scales 
measuring neuroticism on standardized personality  tests in pain pa tien ts . 
The presence or absence o f organic impairment has been reported to y ie ld  
no differences in personality  measurements (Sternbach et a1_ 1973), although 
some differences in physiological ra tings among patients with and w ithout 
an organic basis fo r  th e i r  pain have been found; (Lascel les e t aj_ 1974).
The cu ltu ra l approach to pain has viewed an in d iv id u a l 's  reaction 
as but one o f many behaviour patterns he or she has been taught by 
fam ily , ethnic and sex groups. Although early  studies often revealed 
strong ethnic d ifferences (Weisenberg 1976), more recent, be tte r  con­
t ro l le d  work attempts to d is tingu ish  between a learned component 
(re flec ted  in to le rance), and an unlearned component (threshold) o f 
pain perception. Thus, in one recent study, (Weisenberg e t al_ 1975), 
anxiety was higher fo r  Puerto Ricans, blacks lowest and whites in between, 
although no differences appeared in the amount o f pain the patients had 
o ve ra l l .  S ig n if ica n t differences were also found in a pressure pain 
tolerance te s t  fo r  age, sex and e th n ic i ty  (Woodrow et al_ 1972), and 
among whites o f d i f fe re n t  ethnic o r ig in s ,  (Tursky 1967), autonomic changes 
to pain were found to d i f f e r ,  re f le c t in g  the d i f fe re n t  im p l ic i t  sets o f  
these subjects.
Pain Modulation
The t ra d i t io n a l specifying theory o f pain is  a spec if ic  sensation 
and tha t the in te n s i ty  o f pain is  proportional to the extent o f  t issue
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damage. The theory implies a f ixed , stra ight-th rough transmission 
system from somatic pain receptors to  a pain centre in the brain. Recent 
evidence, however, shows tha t pain is  not simply a function o f  the amount 
o f bodily  damage alone, but is  influenced by a tte n t io n , anxiety, 
suggestion, p r io r  cond ition ing, and other psychological variab les; 
(Melzack 1973).
In recent years the evidence on pain has moved in the d ire c t ion  
o f recognizing the p la s t ic  and modifiable nature o f  events in the central 
nervous system.
The Gate Control Theory
I t  was in the l i g h t  o f  th is  understanding o f  pain processes tha t 
Melzack and Wall (1965) proposed the gate control theory o f  pain. 
Bas ica lly , the theory proposes that neural mechanisms in the dorsal 
horns o f the spinal cord act l i k e  a gate which can increase or decrease 
the flow o f nerve impulses from peripheral f ib re s  to the spinal cord 
c e l ls  tha t p ro jec t to the brain. Somatic input is  therefore subjected 
to the modulating influence o f the gate before i t  evokes pain perception 
and response. The theory suggests tha t la rg e - f ib re  inputs tend to close 
the gate while sm a ll- f ib re  inputs generally open i t ,  and tha t the gate 
is also profoundly influenced by descending influences from the bra in.
I t  fu r th e r  proposes tha t the sensory input is  modulated at successive 
synopses throughout i t s  pro jection from the spinal cord to the brain 
areas responsible fo r  pain experience and response. Pain occurs when 
the number o f nerve impulses tha t arr ives at these areas exceeds a 
c r i t i c a l  leve l.
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Since 1965, gate theory has undergone various modifications and has 
been subjected to a va r ie ty  o f c r i t ic is m s . On the other hand, a wide 
assortment o f c l in ic a l  and experimental f ind ings has been in terpreted as 
generally supporting the theory or at leas t certa in aspects o f  i t ;  (Wall 
1976).,
Endogenous Mechanisms o f Pain In h ib i t io n
In the past few years, considerable information has been gathered 
suggesting the existence w ith in  the mammalian medial brain stem o f 
endogenous and extremely potent cen tr ifuga l mechanisms o f pain in h ib i t io n ;  
flayer and Liebeskind 1974, and Mayer et al ,1971). Stimulation-produced 
analgesia (SPA) has been measured behaviourally using a wide assortment 
o f pain tests and species ranging from ra t  to man;(Adams 1976, and Giesler 
1976). SPA can be equi-analgesic to large doses o f  morphine, and can 
to t a l l y  block a l l  manifestations o f  nociception from spinal re flexes to 
h igher-order, learned escape reactions. A f te r  only a few seconds o f 
s t im u la tion , the analgesic e f fe c t  may la s t  up to several hours;(Mayer 
and Liebeskind 1974).
SPA has been reported to re s u lt  from stim ula tion o f  medial brain 
stem structures from the ros tra l medulla (nucleus raphe magnus), 
through the midbrain central grey matter, to the candal■diencephalon; 
(Soper 1976). Although a t ce rta in  s ite s  both analgesia and s e l f ­
stim u la tion are found at others the central s tim u la tion tha t produces 
analgesia is  i t s e l f  aversive.
SPA resu lts  in and, in part a t le a s t,  seems able to be understood 
in terms o f a powerful descending in h ib i to ry  e f fe c t  on nociceptive 
mechanisms in the spinal cord;(Mayer et al 1971).
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A series o f studies has disclosed some remarkable p a ra lle ls  between 
morphines s i te  and mechanism o f analgesic action and the mechanism o f 
action o f  SPA.
SPA has been found susceptible to many o f the same pharmacological 
manipulations as morphine. M orph ine a lte rs  cerebral concentrations 
o f monoamine neurotransmitters is  seen to a l te r  SPA and morphine analgesia 
in a s im ila r  fash ion ;(A k il and Liebeskind 1975).
Mayer and Hayes (1975) reported both tha t tolerance develops w ith 
repeated SPA t r i a l s  and th a t cross-tolerance between SPA and morphine 
can occur. That an important s i te  o f  morphine's analgesic action is  the 
central grey matter is  indicated by several l ines  of inve s t ig a t io n . Morphine 
when applied d i re c t ly  to the central grey matter through m icro in jec t ion  • 
canulae exerts more powerful analgesia than when applied elsewhere iw ith in 
the brain or v e n tr icu la r  system;( Jacquet and Lajtha - 1974). Several 
reports ind ica te tha t SPA and morphine have s im ila r  e lec trophys io log ica l 
e ffec ts  in the brain and spinal cord. For example, morphine, l i k e  SPA, 
se le c t ive ly  suppresses nociceptive responses in dorsal horn c e l ls ,  and 
both morphine and SPA se le c t ive ly  in h ib i t  pain-evoked responses in the 
brain stem;(01eson and Liebeskind 1976). Hughes (1975) discovered an 
endogenous, morphine-like fac to r  in the brain (termed "enkephalin"), 
described i t s  peptid ic  nature, and synthesized i t .
(S te in  et al_ 1976) have now shown both th a t in t ro -v e n tr ic u la r  micro­
in jec t ions  o f th is  substance y ie ld  analgesia and tha t central gr;ey 
s timulation releases th is  substance or a peptide very s im ila r  to i t .
These above f ind ings suggest tha t an endogenous substrate o f  
antinociception ex is ts  w ith in  the medial brain stem. I t  may be th a t
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morphine d i re c t ly  activates th is  substrate, whereas brain stem stim ula tion 
activates i t s  both d irectlyand also in d ire c t ly  via the release o f 
enkephalin,, An important consequence o f adequate ac t iva t ion  o f the 
substrate is  the reduction or a rres t o f transmission o f nociceptive 
information through the spinal cord, and f i n a l l y  the nucleus raphe magnus 
w ith i t s  descending serotonin f ib re s  seems to be a cruc ia l re lay  in 
the cen tr ifuga l path.
Prostaglandins as modulates
The prostaglandins (PG) are among the most active natural substances 
known. Although s im ila r  in s truc tu re , the actions o f the various 
prostaglandins may d i f f e r  both q u a n t ita t iv e ly  and qualita tive ly ;(W eeks 1974).
Prostaglandins are released by sympathetic nerve s tim u la tion  from 
a va r ie ty  o f organs. Prostaglandins o f  the _E series, which represent the 
major type released by nerve s t im u la t ion , usually in h ib i t  adrenergic 
transmission by depressing responses to the adrenergetic tra nsm itte r at 
a postjunctional le v e l,  and sometimes s p e c i f ic a l ly  by in h ib i t in g  release 
o f  transm itte r from nerve te rm ina l. Opposite e ffec ts  are usua lly  seen 
w ith prostaglandins o f  the IF series which f a c i l i t a t e  responses produced 
by sympathetic nerve stim ula tion and occasionally increase .the responsi­
veness o f e ffec to rs  to norep inephrine ;. (Brody and Kadowitz 1974).
Most o f  the evidence supports the theory tha t in h ib i t io n  o f  PG 
biosynthesis is  the mechanism o f action o f a s p i r in - l ik e  drugs. The fa c t  
tha t one group o f  drugs exh ib its  the otherwise unrelated and diverse 
properties o f reducing fever, inflammation and pain then simply re f le c ts  
involvement o f PG in a l l  these processes; ( Vane 1971).
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The modulating ro le  o f prostaglandins on autonomic transmission 
involves both in h ib i t io n  and f a c i l i t a t i o n ,  and the f in a l  level o f 
e ffe c to r  organ a c t iv i t y  depends on the algebraic sum o f action o f 
PG with opposite e ffec ts  and perhaps on competition o f these PG fo r  
a s im ila r  receptor s ite ;(  Brody 1974).
In re la t io n  to rheumatism, there are several reasons fo r  suggesting 
tha t prostaglandins may be involved in the pathogenesis o f human 
rheumatic diseases. These compounds produce inflammation in  man and 
experimental animals, and they are present in increased concentrations 
in inflammatory exudates;(Di Rosa 1971). The biosynthesis o f  prosta­
glandins are inh ib ited  by nonsteroid antiinflammatory drugs, and 
Ferreira and Vane (1974) have proposed tha t the pharmacological e f fec ts  
o f these agents are due to th e i r  in h ib i t io n  o f prostaglandin synthesis.
Prostaglandins have been shown to promote bone resorp tion , and 
th is  e f fe c t  could be a s ig n i f ic a n t  fa c to r  in the pathogenesis o f  
rheumatic diseases;(Robinson 1974).
F in a l ly ,  in  re la t io n  to a i r  ion isa tion  Wallach in his recent review 
summarised, "po s it ive  ions have a d e f in i te  influence in increasing the 
leve ls  o f serotonin molecules in certa in  areas o f  the m idbra in /l im b ic  
system, where pain and other forms o f  emotional or somatic discomfort 
are mediated. Since pos it ive  ions thus generate a kind o f neuro­
transm itte r,  we should explore the p o s s ib i l i t y  tha t negative ions may 
generate a serotonin antagonist or in h ib i to r .  There is  c lear evidence 
tha t pos it ive  ions a f fe c t  prostaglandin metabolism. Prostaglandins are 
fa t t y  acids tha t perform a va r ie ty  o f hormone-like actions such as 
a ffec t ing  blood pressure, pulse rate and the various blood f low s;
conversely, negative ions a f fe c t  prostaglandin in the opposite d ire c t io n "  
(Wallach 1979).
5.1.2 Rheumatoid A r th r i t i s
Rheumatoid a r t h r i t i s  in i t s  usual form is  the form a ffe c t in g  
adults - the a r t ic u la r  expression o f a chronic systemic disease; ,
The la t t e r  usually involves various nonarticu la r tissues and organs in 
addition to jo in ts .  The a r t h r i t i s  which constitu tes the control 
feature o f  rheumatoid disease is  in i t ia te d  by nonsuppurative 
inflammation in the synovial membrane o f  affected jo in t s ;  (jappe 1975).
The cause o f the disease has not ye t been f u l l y  e lucidated, but 
much evidence points to the importance o f  a hypersens it iv i ty  mechanism 
in i t s  e tio logy .
The prevalence o f  rheumatoid a r t h r i t i s ,  and the severe c r ip p l in g  
deform ities to which i t  often gives r ise  makes i t  the most important 
disorder in the group o f  so-called connective tissue diseases. That 
rheumatoid a r t h r i t i s  occurs much more often among females than among 
males is  well established. The proportion o f affected females to 
affected males is  about 3 to 1. I t  is  sometimes postulated th a t th is  
sex d iffe rence in the incidence o f  the disease is  based upon a 
hereditary fa c to r .  Although the disease may set in during childhood, 
adolescence, or very early  adult l i f e ,  i t  is  most l i k e ly  to make i t s  
appearance in adults between 30 and 45 years o f  age and occasionally 
sets in even in la te r  l i f e .  Since the disease pursues a chronic 1 
course, i t s  overa ll incidence in a given population rises with increasing 
age o f  the subjects, being highest among those in the s ix th  and seventh 
decades; (Bunim 1964). '
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On the basis o f a combined survey o f several urban and rural 
populations in  Northern Europe, Lawrence et al_ (1961), reported tha t 
4_ per cent o f male subjects and 1_6 per cent of female subjects over 65 
years o f age presented probable or d e f in i te  evidence o f rheumatoid 
a r t h r i t i s .  With respect to the fa c to r  o f c limate, rheumatoid a r t h r i t i s  
in  severe form is  observed much less often in  countries having a warm 
climate than in countries o f the temperate zone - espec ia lly  those 
bordering on the North Sea and the B a lt ic  Sea;(Laine 1962 and Mendez- 
Bryan e t al_ 1964). On the other hand, there is  as yet no evidence o f a 
s t a t is t i c a l l y  va l id  d iffe rence in  the incidence o f rheumatoid a r t h r i t i s  
between rura l and urban populations. Furthermore, the resu lts  o f 
various studies ind ica te  tha t the occurrence o f rheumatoid a r t h r i t i s  
in a given population bears no special re la t io n  to the occupations 
pursued by the subjects, or to the physical condition under which 
they l iv e  and work;(Kellgren 1953, and Mi a l1 1955).
Some features o f th is  disease can be grouped separately. Pain is  
present in jo in ts  and the surrounding tissues due to the inflamed 
tissues and there is  also local pain on movement due to the a r t ic u la r  
tissues being a ltered and eventually disorganised. Other .features 
are more or less obviously'depending on the stage of a c t i v i t y . in  
the disease, but fever, tachycardia, loss o f appetite and weight, and 
anaemia are not uncommon. Another feature is  the anxiety and 
depression which is often present and is  a re s u lt  o f the cond it ion , 
probably being due to it's prolonged and chronic nature and the in e f fe c t ­
iveness o f treatment; (Lipton 1979).
F in a l ly ,  when the disease is  protracted, a terminal stage may be 
reached in which the more acute inflammatory changes have receded and
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the c l in ic a l  p ic tu re  has come to be dominated by ankyloses and p a r t ia l  
d is lo ca t io n . Thus,when rheumatoid a r t h r i t i s  has persisted fo r  years and 
many jo in ts  have become involved, the foundation fo r  serious d is a b i l i t y  
has been la id .  When such c ruc ia l jo in t s ,  as those o f the h ip , knee and/ 
or spinal column are implicated, the pa tien t w i l l  f i n a l l y  be severely, 
i f  not completely, incapacitated; Jaffe (1975).
Metabolic and Biochemical Abnormalities
Extensive investigations have t r ie d  to define metabolic or b io­
chemical abnormalities in  rheumatoid a r t h r i t i s .  Many have been described 
but few could be shown to be l im ited  to rheumatoid a r t h r i t i s .
Abnormalities in  the metabolism o f several amino acids have been 
revealed by a study o f th e ir  excreted metabolites. The best established 
o f these is  tha t invo lv ing tryptophan which reveals i t s e l f  as an excessive 
excretion o f 3-hydroxyanthranilic  acid (3HAA); (McMi11 an 1960); B e t t / 
1962). On the other hand, in  animal and human studies, Serotonin (a 
metabolite o f tryptophan) and histamine have been id e n t i f ie d  in  most 
ce l ls  o f connective t issu e ;(B e n d it t  1955), although these c e l ls  appear 
to synthesize serotonin from 5-Hydroxytryptophan. The process has not 
ye t been c le a r ly  demonstrated;(Levine 1974). But both histamine and 
serotonin seem to be involved in  acute inflammatory reaction , and large 
numbers o f mast c e l ls  are found in  areas o f chronic inflammation, 
including the synovial membranes o f jo in ts  in  patients affected by 
rheumatoid a r t h r i t i s .
Other investigations by Krueger and Smith (1960) have suggested tha t 
negative a i r  ions reduced the amount o f free serotonin normally present
in tissues and brain.
170
In the l i g h t  o f the above observations i t  was the aim o f th is  
experiment to f in d  out i f  negative ions have any e f fe c t  on the level of 
serotonin and tryptophan, by d ire c t  measurement o f th e i r  metabolites, 
and whether a decrease o f th e i r  levels might be associated with per­
ception o f pain. The ra tiona le  inchhosing the rheumatoid a r t h r i t i s  
patients is  given diagramatica lly  in Fig. (5 .1 ).
WEATHER
IONS
5HIAA
ARTHRITIS (PAIN) 
A  i
3HAA
TRYPTOPHAN
METABOLISM
FIG. 5.1 The speculated in te rre la t io n sh ip  between weather, a i r  ions, 
tryptophan metabolism and a r t h r i t i c  disease
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5.2 Methods and Materials
5.2.1 Subjects
A to ta l number o f eleven rheumatoid a r t h r i t i s  patients (three males 
and e igh t females) o f average age 55.3 years, who were introduced by 
St. Luke's hosp ita l,  pa rt ic ipa ted  in th is  study. The experiment was 
carried out in the environmental chamber (c f .  page 5$ with the same 
conditions as in Experiment ]_ (c f .  page!09). Subjects were asked to 
attend on two consecutive mornings from 11.00 am to 1.00 pm. On one 
occasion the subjects were exposed to a high level o f negative ions, and
" ‘/i
on the second occasion there was no a r t i f i c i a l  ion iza tion , i The order o f 
l" presentation o f the ionised or not ionised condition was randomised. The 
subjects were unaware o f the aim o f the experiment and they were asked to 
stop taking analgesic tab le ts  twenty-four hours before the te s t .
5.2.2 Questionnaires
The patients were requested to answer a questionnaire in  which they 
were asked to rate the chamber atmosphere and themselves once a session 
during the experiment (Appendix page 200). The pain threshold was also 
measured, and subjects were required to  assess th e ir  pain on a ten cm. 
scale (c f .  page 172) before and in the middle o f  the experiment.
5.2.3 Pain Response Test
Obtaining a meaningful, ob jective and re l ia b le  measure o f pain 
has long been a problem. Sternbach £ t  al_ (1974) and Smith ert al_ (1966) 
have modified the submaximum tourniquet technique, to allow a p a t ien t to 
match the in te n s i ty  o f his chronic pain to the ischaemic pain experienced 
while wearing a blood pressure cu.ff and squeezing a hand exerc iser.
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The p a t ie n t 's  latency to reach a level o f tourniquet pain equal to his 
self-evaluated level o f c l in ic a l  pain is  divided by his latency to reach 
tourniquet pain tolerance threshold, resu lt ing  in a tourniquet pain ra t io  
score. A number o f attempts have been made to organize in to  meaningful 
categories the words with which the patients describe th e i r  pain. The 
most extensive method is  based on the pa tien ts ' assessment o f the pain.
The patients were asked to make a pencil mark on a l in e  o f ten cm. 
length which bears the words " I  have no pain at a l l "  a t the l e f t ,  and 
"My pain is  as bad as i t  could be" at the righ t.end.
I have no ________________ ___________________ My pain is  as bad
pain at a l l  r ~~ as i t  could be
The distance o f the mark from the l e f t  end is  measured in  m il l im etres  
and provides a pain score. The use o f th is  method was indicated by Bond 
and Pilowsky (1966) in assessments o f pain in the course o f  a study o f 
the use o f analgesics. In th is  method pain produced by using a one cm. 
diameter round bead which was located between the fingers and a blood 
pressure c u f f .  The force in mm/Hg exerted on the tissue u n t i l  minimal 
aching pain was perceived, was measured.
5.2.4 Measurements o f 5-Hydroxyindoleacetic Acid (5-HIAA) and 3-Hydroxy- 
a n th ra n i l ic  Acid (3-HAA) in Urine
Each subject was asked to empty his bladder at 11.00 hrs and a fu r th e r  
urine sample was provided at 13.00 hrs.
The method o f 5-HIAA measurement has been described in  Chapter 2.
Determination o f 3-Hydroxyanthranilic Acid (3HAA) in Urine (McMillan 1960)
This determination was carried out c o lo r im e tr ic a l ly .  3HAA reacts w ith
2,6-dichloroquinone chlorimide to produce a compound which may be extracted 
in to  n-butanol to produce a blue-green colour.
Reagents
(1) 0.4% 2,6-dichloroquinone chlorimide in ethanol;
(2) Sodium bicarbonate so lu t ion , pH 7.9. Before use, 0.1 N HC1 is  added to 
a saturated so lu tion o f sodium bicarbonate, the pH being checked with a 
glass electrode;
(3) Borate bu ffe r so lu t ion , pH 7.6 checked with a glass electrode. Boric 
acid, 3.1 g .;  potassium ch lo r ide , 6.2 g .;  sodium ch lo r ide , 100 g . ;  N sodium 
hydroxyde, 4 m l. ;  water to 1000 m l. ;
(4) n-butanol, Anala R;
(5) Saturated sodium acetate.
Method
Ten ml. o f acid-hydrolysed urine are extracted four times w ith 40 ml. 
quantit ies  o f ether. Extraction was carried out in a 50-ml. glass-stoppered 
measuring cy linde r. The contents were shaken vigorously fo r  two minutes, 
and a f te r  separation, the ether ex trac t was removed with a tea t p ipette  
and discarded. To the residual ur ine, 1 m l. o f saturated sodium acetate 
was added and the pH adjusted to 3.0 by the addition o f 1.0 N sodium 
hydroxide. The mixture was extracted with 40, 20 and 10 ml quan t it ies  
o f ether. Extraction was carried out as described above. The combined 
ether extracts were evaporated to dryness in an a l l-g la s s  s t i l l .  The 
residue was dissolved in 5 ml o f borate bu ffe r so lu tion (pH 7.6) and 0.5 ml 
o f chlorimide reagent added. A fte r  standing at room temperature fo r  f iv e  
minutes, 5 ml o f n-butanol was added and the mixture shaken v igorously  fo r  
two minutes. A fte r  separation the butanol ex trac t was taken and read
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1.
1.
0.
3-Hydroxyanthranilic acid ( pg/ml)
FIG. 5.2 3-Hydroxyanthranilic acid standard curve
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against an n-butanol reference at 600 mp. A blank was carried out at 
the same time.
A standard containing 10, 20 and 40 yg 3-HAA should be set up at 
the same time, the complete procedure was carried out as shown in F ig . (5 .2 ).
5.3 Results and Conclusions
The resu lts  o f th is  experiment have been analysed by student t  te s t ,  
and the presence or absence o f negative ions was the only va r iab le .
TABLE 5.1 5-Hydroxyindoleacetic acid (5HIAA) excretion
Average excretion (yg/hr) -ve ions •No ions
Mean ± SD . Mean t  SD
2 hours (11.00 - 13.00 hrs) 433 + 362.9 573.3 + 342
s ta t is t i c  values t  = 0.97 P = n .s .* n = 11
* n.s. Not s ig n if ic a n t
TABLE 5.2 3-Hydroxyanthranilic acid (3HAA) excretion
Average excretion (yg/hr) -ve ions No ions
Mean t  SD Mean -  SD
2 hours (11.00 - 13.00 hrs) 4956.7 t  7515 2303 i  1979
s ta t is t ic  values t  = 1.38 P = n.s. n = 11
Conclusions
The resu lts  showed no s ig n if ic a n t  differences when comparisons were
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made between 2 hour urine samples in the negative ion and control (no ion) 
conditions fo r  5HIAA and 3HAA (Tables5.1 and 5 .2 ).
A comparison was made between negative ion and no ion conditions fo r  
3HAA when one o f the subjects with a high level o f excretion was not 
considered. The resu lts  showed tha t there is  s t i l l  no s ig n i f ic a n t  
d ifference ( t  = 0.84, P = not s ig n i f ic a n t ) .  A s im ila r  comparison was also 
carried out excluding three subjects with low excretion o f 3HAA and one 
with a high 3HAA excretion from the o r ig ina l eleven subjects. The resu lts  
showed no s ig n if ic a n t  d ifference ( t  = 1.00, P = n .s . ) .
TABLE 5.3 5HIAA and 3HAA excretion in a r t h r i t i s  patients and healthy 
subjects in an ionized environment
Ions condition 
1100-1300 hrs. 
healthy subjects
Ions condition 
1100-1300 hrs. 
patients
S ta t is t ic a l
values
5HIAA
3HAA
Mean - SD 
218.4 t  131.3
Mean t  SD 
262.6 ± 218.9
Mean t  SD 
433 + 362.8
Mean t  SD 
4956.7t  7515
t  = 2.18 
p = <0.05 
n = 25
t  = 2.07
p = <0.1 
n = 20
Conclusions
The resu lts  obtained from the comparison between patients and 
healthy subjects fo r  5HIAA excretion showed tha t there is  a s ig n i f ic a n t  
d ifference between them (P < 0.05).
There is  a s im ila r  d ifference in  3HAA excretion (P < 0 .1 ) .  In both 
cases excretion rates are higher in a r t h r i t i s  pa tien ts .
TA
BL
E 
5.4
 
C
or
re
la
tio
n 
co
ef
fic
ie
nt
 
an
d 
its
 
si
gn
ifi
ca
nc
e 
be
tw
ee
n 
le
ve
l 
of 
3H
AA
 
an
d 
su
bj
ec
tiv
e 
pa
in 
as
se
ss
m
en
t 
an
d,
 s
ph
yg
mo
ma
no
me
te
r 
pr
es
su
re
 
in 
pa
tie
nt
s
c
•r— f*" *ore £ co. re• «>_c +”
cu +->> c 4-> +->
•r— a> M- c
4-> E OJ <dU tn r— fca; a»'O a; E +->
JO tn O re3 in J- 4->
CO re t+- in
S-
<C  - c<c \zc cn 
co o
S_
CD
4->CD
E
O  CD C S- id 3  cn E m rc 
o  m \
S £  i>. Q-— sz a . co
c•r- £ "O CO
re E cz
C l re •
• A JZ re*
CD 4-> ■—
> C +-> +->•r~ CD <+- c 4- i4-> E CD CDO in r ~ E CM
CD in CD r—•
'*"5 (D E 4~> •
-Q in O re co
3 in +-> CM
CO r e  <+- in
S-in C  _CC «=C Vo rc cn
r ~ co o
cu
>
i
~vrCD+jCD
fcrOc03
EO
E
CD
L . —3 CT 
to IC  
to \
cn at >> J-JZ C L '
CL
CO
+1
CM
CO
•M
cn
r -
cn
•+- i
coo
co
CM
co
CO
CM
+ I
o
LO
to
r"»
+ i
r^ »
<ouocn
CO
CO
00
+ •
CM
VO
co
*r—
CO o
0 0 •• oo V co
II II ii
t- Ou c
CM •
CM in
• •
O c 0 0
II n II
i- CL c
oocn •
CM tn
• •
o c CO
11 II II
1- CD c
•sj" •
CO in
o c CO
II II 11
fc. Cl. c
) 77
3H-c
rO
O .
ve
ry
4->
i Ere
c u• r -
• r * VKre • r -
CL c
o CD•r*z CO
4— •K
Conclusions
178
The resu lts  ind icate that there is  a s ig n if ic a n t  co rre la t ion  between 
the amount o f 3HAA and subjective ra t ing  assessments ( r  = 0.83, P = < 0.01, 
n = 8). The comparison between the two conditions indicates tha t the 
possible re la t ionsh ip  between 3HAA excretion and sensation o f pain d is ­
appears in  negative ion condition.
No other apparent corre la t ions have been found among ind iv idua l 
patients when 3HAA excretion was compared f i r s t  to pain assessment and second 
to sphygmomanometer pressure.
cn
CD
C3
os
Su
bj
. 
pa
in
 
as
se
ss
m
en
t 
mm 
le
ft 
ha
nd
 
st
at
em
en
t 
t
t 
= 
1.
93
 
0.1
 
< 
p 
> 
0.
05
t 
= 
1.
95
 
0.1
 
< 
p 
> 
0.
05
>
S-
1— CD
03 +3
■o CD
•r— . £
4-3 O  <u LO LO CMin cm  in on  0■ i— J o  c n • . . .4-3 £  cn c c 0  sc CM 0
03 o  tn
4-> £  CD £ II II II Vt o C? S- £
sc >> e x ' - — 4-3 CL 4-3 CX
_£C
C -
c : t o
• r—
rO
c x
<4- LO
o sc 0
- r -  E  -O
c n 03 £  cr .i_ 0
sc CX 03 CO t—
•1— • « - C 0 0 A
4-> CD 4-3 t o  0 t o  C-L 0
05 >  SC 4-3 4-3 (X! r— • c x
s- • r -  <D 4— SC 4- 1 4-1 ' CM
-M E  CD CD 4 -1 4- l V
CD (_) cn r— E sc c II
> CD cn CD 03 OJ 03 CM I—
•r” •no CD E  4-3 CD LO (D r-~ 4-3
4-> j c  in  o  o3 21  • r c  . 0
O C3 cn 4-3 r - . LO
CD lO t o  03 4 _  in CO ■=3*
’ r~) cz
p o
C3 i—i C
CO CD LO COo 4-3 CM
“O CD .
c cn E  CD 0  c n O  LO LO
03 sc o  s_ ,•—- t o  CO t o  CM c o  in
O c : c  c n • •
CD • r— in  o c 4- l +1 4-1  + 1 O  sc
S- 4-3 £  in  \
13 •r— O  CD E SC LO sc 0 II II
CO "O p .  s- E 03 03 O
in sc Cp C X '— CD CD 4-3 CL
CD o -  j IE  CO IE  O
£- u -SC I— * 1— ■
C - CX r—— r—*
c t o
c o
CD
4->
CD o
£ sc sc
o • r -  E  * 0 CO CO
sc ■a 03 E  C r ^ i—
05 sc CX 03 4_ 0 0 O'- 0
£ 03 •"-S C t o  r-»- t o CO 0
o CD 4-3 1— 1— . .
£ sc >  SC 4-3 4-> 4- 1 4 - 1 *4- O
cn o •r— CD *4— SC 4- l 4 - 1
>> *i— 4-3 E  CD CD sc c : II v
_c: O  in  i—  E 03 f'- . 03 CM
c x CD CD in  CD CD CO CD r— 43 CX
in > •r—> CD E  4-3 £ 2 1  .
•<— -Q  cn o  03 • LO CO
4 - 4-3 C3 in  S— 4-3 LO CM
O 05 to  co 14-  in
cn CO
cn CD ZT
CD SC O
C3 i—i
i— a> l i i S-
05 -SC CD> 4-3 1 4-3 00
CD CO
cn i— SC E • •
+-> 03 • [— O  CD Q  CM 0  CO CO I—
r— u SC X  - CO -Of- t o  *=4" LO O
C3 •i— cn 03 C3 03 • *
cn +3 4-> £  in  r c 4- 1 4-1 4-1 4-1 CO 0
CD in sc 0  m \
o r •i— CD £  CD £ SC LO SC LO II V
4-3 • i— c n  X  E 03 CM 03 CM
4-3 CO 4-3 > ,  C X '— - CD CD 4-3 CX
SC 4-3 03 -SC 2:  l o 2 : LO
CD CO SC- STL 1— LO
£ t o 1--- 1—
cn
cn in in
CD LO £- s_
cn • -SC -SC 1
cn LO in  in
<C 0 0 * 1—■ 1—  CD
LU 0 0 4-3 03 C5
c _J • • 03 O  1—
•i— CO I— CO 4-3 •<— 03
03 <C r— r—- in  4-3 >
Cl. 1—
179
<4-£C
' r —
rO
CL
&
CD
>
I
c
•r—
03
CL
*1—
180
Conclusions
The resu lts  obtained from subjective pain assessment o f patients in 
the negative ion condition revealed th a t there is  a s ig n i f ic a n t  d ifference 
when measured at 11.00 hrs as compared to tha t measured at 13.00 hrs fo r
sphygmomanometer te s t  and subjective ra t ing  tes t P < 0.01 and P < 0.001 
respective ly . A s ig n if ic a n t  d ifference obtained fo r  pain subjective 
ra ting  in the no ion (con tro l)  condition (0.1 < P > 0.05).
A comparison was also made between the pain tolerance (mm/Hg sphyg­
momanometer in " both negative and no ion conditions (P < 0.02). The
s im ila r  comparison was made fo r  subjective pain in  both conditions 
(0.1 < P > 0.05).
From the above resu lts  i t  was concluded tha t patients are able to
to le ra te  more pain in negative ion condition.
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TABLE 5.6 Subjective pain and sphygmomanometer pressure in negative 
ion and no ion condition in  patients and healthy subjects
Condition Patients Healthy subject: S ta t is t ic a l  values ;
Sphygmomano­
meter
pressure
-ve ions
Mean ± SD 
156.2 t  48.38
Mean t  SD 
88.12 t  44.39
t  = 2.93
p = <0.02
n = 16
No ions
Mean t  SD 
110 -  26.18
Mean - SD 
99:37 ± 34.27
t  = 0.69 
p = n .s . 
n = 16
Subjective
pain
assessment
-ve ions
Mean ± SD 
28.12 t  . 14.73
Mean t  SD 
51.75 t  21.96
t  = 2.54 
p = <0.05 
n = 16
No ions
Mean 1 SD 
46.12 t  17.1
Mean t  SD 
48.25 + 30.6
t  = 0.17 
p = n.s. 
n = 16
Conclusions
The resu lts  ind icate that compared with healthy subjects, pa tients have 
a higher threshold o f pain in subjective ra t ing  pain ( t  = 2.54, p < 0 .05), 
and can also to le ra te  more pain in  negative ion condition ( t  = 2.93, p < 0.02).
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TABLE 5.7 Subjective ra t ing  scores o f patients
Subjective ra t ing
-ve aons 
condition
No ions 
condition
s ta t is t ic a l
values
(a) Atmosphere
Mean t  SD- 
mm from l e f t -  
hand statement
Mean i  SD
Hot-cold 52.001 17.80 66;00- 21.08 t = 2.06 p=<0.1*
pleasant-unpleasant 43.721 25.78 51.271 35.55 t = 0.95 p= n.s.
Fresh-stu ffy 21.451 20.52 25.901 24.64 t = 0.43 p= n.s.
Pleasing-annoying 48.451 34.59 43.81 1 20.75 t = 0.97 p= n.s.
comfortable-
uncomfortable
30.541 24.91 48.451 34.59 t = 2.41 p=<0.05*
Good-bad 28.721 22.52 35.721 17.02 t = 1.02 p= n.s.
(b) Subjects
Hot-cold 62.09 1 16.98 64.18 -  26.16 t = 0.3 p= n .s .
Comfortable-
uncomfortable
42.72 1 20.24 49.63 1 29.05 t = 1.3 p= n .s .
Pleasant-unpleasant 40.00 1 19.55 37.45 1 17.87 t = 0.49 p= b-s.
Alert-drowsy 32109 1 24.92 40.72 1 32.88 t = 0.92 p= n .s .
Wellbeing:
Best-worst 38.45 1 17.91 43.72 t  21.42 t = 0.79 p= n.s .
No. o f headaches 2 subjects 3 subjects
Severity o f headaches:
Mild-severe 62.5 - 13.43 21.33 1 27.46 t 1.1 p= n.s.
Conclusions
The only s ig n if ic a n t  d ifference in subjective ra t ing  fo r  the atmospheric 
e ffec ts  in negative and no ion conditions was the 'comfortable-uncomfortable1 
parameter ( t  = 2.41, p = < 0.05), although the 'h o t-co ld ' parameter may be 
considered as s ig n if ic a n t  ( t  = 2.06, p = < 0 .1 ).
The above resu lts  showed tha t patients f e l t  more comfortable and warmer 
in negative ion condition.
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TABLE 5.8 Weather questionnaires
1. Approximate time o f year when you feel the pain: 
Spring - Summer - Autumn - Winter
2. Do you feel be tte r during:
hot or cold weather
3. Do you feel be tte r when i t  is :
dry or wet weather
4. Do you feel be tte r when i t  is :  
windy or s t i l l
TABLE 5.9 Results o f weather questionnaires
Questions
number
No. o f 
subjects % Answer
4 40% No difference^
2 20% Spring
1 . 2 20% Winter
1 10% Summer and Winter
1 10% Spring and Autumn
7 70% Cold
2 2 20% Hot
1 10% No difference
7 70% Dry
3 2 20% No difference
1 10% Wet
8 80% No wind
4 1 10% No difference
1 10% Wind
Conclusions
The resu lts  ind icate that 70% of patients feel be tte r in cold and 
dry weather and 80% in s t i l l  weather. Only ten out o f the eleven subjects 
were used in the ca lcu la tion  o f these re su lts .
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5.4 Discussion
The theory o f pain has important im plications regarding i t s  treatment. 
Various theories provide a new conceptual approach to pain therapy and have 
suggested new forms o f treatment. Furthermore, some o f the o lder methods 
o f therapy (e.g. successive anaesthetic blocks) take on new meaning in 
terms o f the new hypotheses.
The need fo r  a new approach to control pain is  espec ia lly  evident in 
recent assessments o f the effectiveness o f neurosurgical techniques.
Because s p e c i f i ty  theory (e.g. gate con tro l)  has dominated the f ie ld  o f 
pain th is  century. The natural outcome has been the development o f techniques 
aimed at in te rru p t in g  the so-called pain pathway. A fte r the fa i lu re  o f  th is  
method, pharmacological control of pain consequently became important. 
Pharmacological agents may act at a va r ie ty  o f levels in  the nervous system, 
such as the receptor le v e l,  the level o f the dorsal horn, or a t higher 
levels such as the brain stem. Analgesics tha t act on peripheral receptors 
would presumably decrease the number o f nerve impulses generated as a 
re su lt  o f in ju ry .  The p o s s ib i l i t y  ex ists tha t various n a tu ra l ly  occurring 
compounds in the brain and spinal cord, released from neuron terminals or 
other c e l ls ,  might normally mediate in the detection o f ,  and the response 
to ,  noxious s t im u li .  I t  now seems apparent tha t pain responses and the 
a b i l i t y  o f various drugs to a l te r  them, depend upon the in te g r i t y  o f  a 
number o f d i f fe re n t  neurotransmitter compounds, such as peptides, hormones 
and other macromolecules. Among these various chemicals is  serotonin, 
which plays a crucia l ro le  in nociception.
In experiments by Krueger (1950, 1968, 1969) i t  was shown tha t there 
was a re la t ionsh ip  between atmospheric ions and the level o f serotonin in
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the brain and tissues (c f .  General in trodu c t ion ) .  The resu lts  o f the 
present study showed tha t there are no s ig n if ic a n t  d ifferences between 
levels o f 5HIAA under negative ion and control (absence o f ions) con­
d it ions  (Table 5 .1 ). These resu lts  are inconsistent w ith those obtained 
from performance tests (Table 4.10) and Krueger's (1968). Although i t  
is  d i f f i c u l t  to re ly  on 5HIAA as an ind ica to r o f 5HT metabolism in  the 
central nervous system (CNS), th is  inconsistency may, however, arise from 
differences in the state o f well-being o f subjects, and the tryptamine 
abnormality in rheumatoid a r t h r i t i s  patients . This abnormality is  
accompanied by the high urinary excretory level o f 3HAA (McMillan , 1960). 
The resu lts  o f th is  experiment (Table 5.2) confirmed McMillan's f in d in g , 
and ind icate tha t there is  a r ise  in the level o f 3HAA excretion in 
patients . On the other hand, from the resu lts  o f Table 5.4 i t  is  con­
cluded tha t there is  a co rre la t ion  between excretion o f  3HAA and pain 
subjective ra t ing  when no ions are present. The absence o f such a 
c o r re la t io n ,  and the increase in 3HAA excretion under negative ion 
conditions (double that in  the absence o f  ions) would suggest th a t:
(a) while not under the influence o f ions, body tissue leve ls o f 3HAA are 
high and there is  a co rre la t ion  between leve ls o f excretion and pain 
assessment (although not on pain threshold).
(b) In the presence o f  ions, 3HAA excretion is  enhanced, body tissue 
levels are reduced, and thus there is  less subjective pain, and there is  
now no corre la t ion  between pain and 3HAA excretion.
I t  is  also concluded from the resu lts  o f Table 5.5 tha t negative ions 
have a s ig n if ic a n t  e f fe c t  on the sphygmomanometer te s t  and:.on the subjective 
ra ting  o f pain. This re s u lt  indicates tha t the sphygmomanometer te s t
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(centra l pain receptors) has been affected under both when negative ions 
are present and when they are not, whereas in pain subjective ra ting  tes ts , 
both central pain receptors (CPR) and peripheral s t im u li (PS) are involved. 
Although the mechanism o f (CPR) and (PS) involvement is  not knownjfrom 
these resu lts  one could expect an e f fe c t  on peripheral s t im u l i .v ia  3HAA 
and 5HIAA on jo in t  pain.
A number o f observations on the e ffec ts  o f prostaglandins on the nervous 
system have shown th e ir  fundamental importance to be th e i r  a b i l i t y  to 
in te ra c t  w ith transmission processes between the autonomic nervous system 
and e f fe c to r  organs (Hedqvist, 1972; Naimzada, 1969).
Most reports on d i f fe re n t ia l  e ffec ts  o f pos it ive  and negative ions on 
the physiology o f the nervous system are la rge ly  inconclusive. Although, 
there is  l i t t l e  evidence, i t  seems l i k e ly  tha t negative ions might have 
some e ffec ts  on neurohormone elements (e.g. enkephalin and prostaglandin) 
and consequently exert some changes in the perception o f pain.
Although Wallach (1979) did not id e n t i fy  his references and the 
experimental conditions in his report, he states tha t negative and 
pos it ive  ions a f fe c t  the level o f prostaglandin and suggests th a t i t  is 
probable that the physiological mechanism and consequently behaviour 
and responses w i l l  change as a re su lt  o f a l te ra t io n  in the level o f 
prostaglandin.
Halloran (1978) states tha t in rheumatoid a r t h r i t i s  a va r ie ty  o f  
chemical mediators (e.g. 5-Hydroxytryptamine and prostaglandin) are 
l ibera ted  in to  the tissues. At the s i te  o f inflammation he also suggests 
tha t the properties o f some o f these molecules are responsible fo r  the 
c lass ica l h is to log ica l observations o f vasodila tion and increase vascular
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permeability . However, the re la t iv e  importance o f these ind iv idua l 
mediators is  not known. There is  a widespread b e l ie f  tha t rheumatism is  
influenced by the weather, and there are also a considerable number o f 
reports suggesting that winds o f ' i l l - r e p u t e '  (e.g. the Sharav and Santa- 
Anna) may a f fe c t  the mental and physical health o f people in many parts 
o f the world.
Rose (1974), suggested, tha t atmospheric e le c tr ic a l  charge has an 
influence on rheumatoid a r t h r i t i s  and increased the symptoms. She also 
concluded that high d a i ly  r a in fa l l  and high re la t iv e  humidity had a 
s ig n i f ic a n t  e f fe c t  on exacerbation o f rheumatic pain. The resu lts  o f 
the present experiment (Table 5.9) is  consistent w ith Rose's suggestion, 
and support the view that ion iza tion  might be re lated to rheumatic pain.
CHAPTER 6 
GENERAL DISCUSSION
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General Discussion
Although studies o f the e ffec ts  o f ionized a i r  on l iv in g  systems have 
been increasing in number, these investigations have yielded inconsistent 
and often con trad ic tory  resu lts  (Albrechtsen, 1978). The inadequacies o f 
most studies l i e  in the control o f experimental conditions such as 
temperature and measurement o f the ions ac tu a lly  received by the subjects 
(Davis, 1963).
I f  one assumes, as seems quite l i k e ly ,  tha t other parameters, both 
b io log ica l and psychomotor, are s im i la r ly  dependent on ion leve ls ,  temperature, 
and other variab les, then i t  is easy to see how the inconsistencies in  the 
l i te ra tu re  have arisen.
Although both deep body and skin temperature responses to negative 
ions and to d i f fe re n t  ambient temperatures did not seem to d i f f e r  during 
the course o f the present experiments, certa in  d ifferences were observed 
in the subjective ra t ing  o f temperature (pages 120,151)The importance of 
temperature is  also apparent from a comparison between the present study 
and tha t o f Hawkins (1978). He concluded tha t at a temperature o f 19°C, 
negative ions have s ig n if ic a n t  e ffec ts  on performance, whereas, in the 
present experiments a t higher temperatures (23°C and 29°C), negative ions 
(except in a few cases) had no e f fe c t  on performance.
This provides fu r th e r  evidence to ind ica te a possible re la t ion sh ip  
between the e ffec ts  o f negative ions and temperature. Since the sensation 
o f temperature was a ffected , th is  implies tha t changes in the thermo­
re g u la r i ty  centres accompanied the negative a i r  ion e f fe c ts .  The probable 
involvement o f the thermoregulatory centre suggests tha t serotonin may be 
involved in the mechanism (Feldberg, 1964).
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The possible mechanism of a i r  ion iza tion  was discussed in the general 
in troduction (cfpage 40) .In view o f the fac t tha t most studies in  the f ie ld  
o f a i r  ion iza tion  concur with Krueger's hypothesis, i t  was o f in te re s t  to 
f ind  out whether there is  a re la t ionsh ip  between th is  hypothesis and 
performance.
I t  is believed tha t a i r  ions act on the human body mainly through 
the process o f re sp ira t io n . Kornblueh and G r i f f in  (1962), have shown 
tha t the m a jo r ity  o f ions reaching the a lve o li  o f  the lung without being 
neutra lised are o f very small dimensions (< 0.03y) and re la t iv e ly  high 
m o b il i ty  (<0.01 cm/sec/volt/cm). Having penetrated the resp ira to ry  
t ra c t  and pulmonary a lv e o l i ,  Krueger and Smith (1958) suggested tha t a i r  
ions react with the tissue f lu id s  to  form active radica ls which then 
e l i c i t  various c e l lu la r  responses. They also suggested tha t pos it ive  
ions increase the serotonin concentration in t issue and blood. This 
appears to be the primary cause o f the a lte ra t io ns  in tracheal functions 
which fo llow  exposure to pos it ive  ions. The opposing action o f  negative 
ions apparently depends upon th e i r  a b i l i t y ,  through a de r iva t ive  radica l 
formed in water, to  react with cytochrome oxidase, thereby accelerating 
the metabolic destruction o f serotonin. In th is  way the serotonin 
balance in the body is  modified.
Since Krueger (1969) measured the brain level o f serotonin, i t  was 
construed tha t ions a f fe c t  brain chemistry. From these and other such 
resu lts  i t  can be hypothesized that negative ions have a reserpine type 
bio-behavioural e f fe c t .
Experimental evidence seems to suggest tha t 5-HT pa rt ic ipa tes  in  the 
central neuro-transmission ju s t  as acetylcholine does in peripheral
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synaptic transmission (Levine, 1974). The involvement o f 5-HT in 
mechanisms o f a i r  ion action on the central nervous system is  supported 
by Bachman (1966), Nazzaro (1967) and G ilbe rt  (1973).
The resu lts  o f  the present experiments (pain perception) ind icate 
tha t there is  a r ise  in 5HIAA excretion in pa tien ts ' urine (c f .  page J 7 5 ) .  
and also patients subjected to negative ions f e l t  less pain, and rated 
the environment more comfortable (c f .  pages 179, 182).
Since 5-HT is  a potent pain-inducing agent under some conditions, 
the r e l i e f  o f pain accompanying treatment w ith negative a i r  ions may 
lo g ic a l ly  be due to the increased a c t iv i t y  o f the cytochrome - linked 
enzyme monoamine oxidase (Krueger, 1960).
Previous studies have reported the adverse e f fe c t  o f c l im a t ic  changes 
on a r t h r i t i s  (Holbrook, 1960). Many such reports have been based on the 
experiences o f ind iv idua l patients moving from one climate to another.
Careful 'b l in d '  observations by Hollander (1961), using a con tro lled  
climate chamber, ind ica te  tha t the pain o f a r t h r i t i s  often became worse 
w ith in  a few hours a f te r  the onset o f a combined r ise  in  humidity and 
f a l l  in barometric pressure. Such patients appear to be 'w ea the r-sens it ive '.  
Although Hollander did not measure the level o f ions, i t  is  probable tha t 
humidity reduces the number o f ions (Appendix page 198), and consequently 
increases the a c t iv i t y  o f rheumatoid a r t h r i t i s .
Sulman e t al (1974), have studied the responses o f groups o f 
'weather-sensitive ' ind iv idua ls  to changes in  the ion iza t ion  o f  a i r  and 
have noted, among other th ings, desynchronization and frequency s h i f ts  
in the patterns o f th e i r  E.E.G.'s. The physiological and biochemical 
e ffec ts  o f a i r  ions may res t on th e ir  a b i l i t y  to a l te r  the metabolism o f
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biogenic amines, as suggested by Krueger and Smith (1960). Subsequently, 
i t  has been shown tha t concentrations o f serotonin in  the blood and 
brain respond to the p reva iling  leve ls o f atmospheric ions. Although 
there is  considerable evidence to support Krueger's serotonin hypothesis 
(e.g. G i lb e r t ,  1973), there is  s t i l l  uncerta inty about the d e f in i te  
e f fe c t  o f a i r  ions in re la t io n  to th is  hypothesis, as seen below.
Badre et al_ (1966) showed tha t despite employing the same experimental 
condition as Krueger, a i r  io n iza t io n , had no e f fe c t  on the c i l i a r y  
frequency o f the trachea. The resu lts  o f Badre's experiments were not 
in agreement with Krueger and Smith's f ind ings . The above-mentioned 
example, and many others, make fu r th e r investigations in to  the e ffec ts  
and mechanism o f a i r  ion iza tion  necessary.
I t  was discussed in the general -Introduction tha t performance is  
dependent on m otivation, arousal, stress and the physiological s tate o f . 
the in d iv id u a l.  Frey (1959) suggested tha t stress may act as a necessary 
condition fo r  marked ion e ffec ts  to appear. A study o f the pattern 
observed in a l l  reports indicates tha t stress may be quite important.
This view is also supported by Krueger (1960) and G ilbe rt  (1973). G i lb e r t  
was able to reduce em otionality  caused by is o la t io n  w ith negative ions.
On the other hand, Poulton (1972) has suggested tha t stress and 
performance show an inverted ' u' re la t io n sh ip , with a peak bend o f 
performance at an optimum level o f stress. Superoxide anions (Krueger, 
1978) may induce stress in the resp ira to ry  system and increase i t  to ­
wards the peak le v e l,  and simultaneously improve performance (personal 
communication , Dr. L. Hawkins). Thus, i f  negative ions do exert an 
arousing e f fe c t  on the in d iv id u a l,  i t  is  possible th a t the subjects are 
sh ifted  to an optimum stress level to approach a higher performance le v e l.
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However, th is  remains e n t i re ly  speculative.
The resu lts  of performance tests (c f  page 155) are consistent in 
parts with the above suggestion and with the resu lts  o f Frey (1959). 
However, i t  must be noted tha t the conditions used in th is  work were not 
comparable to those used in other studies.
Boore (1978) used the sodium:potassium ra t io  in urine as a stress 
index. This ra t io  is  reduced under stress conditions. The measurements 
o f  the sodium:potassium ra t io  (c f  page 88) are inconsistent w ith Boore, 
and therefore do not support Frey's suggestion (1959).
F in a l ly ,  i t  should be mentioned tha t the data reported here were 
obtained under w e ll-co n tro l le d  experimnetal conditions to te s t  whether 
negative ion iza tion  can a f fe c t  human well-being and performance. One 
cannot reasonably draw conclusions from these resuls as to the e f fe c t  
o f a i r  ions under other conditions. Much physiological work and more 
analysis o f environmental condition must be done before the s ign if icance  
o f a i r  ions under spe c if ic  conditions can be determined.
APPENDIX
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TABLE 1 M irro r drawing (x time o f day)
-ve ions 
earthed
-ve ions 
not earthed No ions
M irro r drawing Mean + SD Mean + SD Mean + SD
(a) Time taken (secs)
11.00 125.60 i  66.21 117.40 + 50.07 118.32 + 62.98
11.30 109.61 i  53.34 107.29 + 57.14 107.58 + 38.20
12.00 100.16 t  43.77 092.59 + 30.03 091.06 t 29.50
12.30 096.79 ± 50.28 088.41 + 33.59 089.52 + 37.07
13.00 090.27 t  34.00 086.87 + 26.02 090.51 + 31.33
Mean 104.48 + 49.52 098.51 + 39.37 099.39 + 39.82
(b) Errors (no.)
11.00 16.31 i  23.18 29.50 + 46.50 17.75 + 09.56
11.30 21.25 t  14.09 27.37 + 37.02 18.44 + 09.65
12.00 22.75 -  20.71 28.50 + 36.59 19.37 + 12.50
12.30 20.43 + 12.44 27.50 + 29.61 18.75 + 09.69
13.00 19.50 ± 14.14 25.75 + 26.91 17.37 + 09.01
Mean 20.05 + 16.91 27.72 + 35.33 18.34 + 10.08
(c) Score
11.00 13.12 t  13.11 14.28 + 12.33 25.17 + 53.37
11.30 14.19 + 12.74 15.77 + 16.34 25.48 + 53.40
12.00 15.29 t  11.91 24.83 + 51.71 20.68 + 27.25
12.30 24.91 + 52.35 26.00 + 51.83 19.16 + 25.96
13.00 26.86 t  53.27 25.09 + 52.05 20.41 + 25.23
Mean 18.87 ± 28.68 21.19 + 36.85 22.18 + 37.04
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TABLE 2 M irro r drawing (x order o f presentation)
-ve ions 
earthed
-ve ions 
not earthed No ions Mean
M irror drawing Mean i  SD Mean ± SD Mean ± SD v Mean t  SD
Condition
presented on:
(a) Time taken
"(secs)
1st day 146.22 t  67.75 111.25 +41.28 132.90 + 54.36 126.76 t  54.30
2nd day 094.88 i  33.58 148.70 + 42.23 077.54 ± 17.33 096.19 t  37.18
3rd day 077.65 + 35.71 071.43 ± 15.33 089.71 i  25.99 079.45 t  25.38
(b) Errors
(numbers)
1st day 39.80 t  24.77 21.00 + 12.78 24.80 t  10.13 26.89 ± 17.55
2nd day 17.91 ± 07.07 12.20 ± 03.85 16.52 + 09.51 16.76 + 07.77
3rd day 10.80 ± 05.47 38.88 ± 49.46 14.47 + 07.36 24.46 + 35.26
(c) Score
1st day 06.00 + 04.94 30.92 1 60.01 07.95 + 04.18 17.51 + 41.27
2nd day 22.79 + 44.54 12.67 + 03.11 18.76 + 11.79 20.27 + 34.05
3rd day 24.30 + 09.71 13.91 t  05.32 36.90 t  59.08 24.48 t  37.66
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Ion surviva l under the conditions o f the present experiment (29°C and 
e ith e r  60% RH or 30% RH)
The environmental chamber used fo r  the performance experiments was 
used to determine ion survival time. The chamber has an inner metal 
skin which is  earthed via the a i r  ducting. The experiments were conducted 
w ithout subjects in the room. Negative ions were generated from a Medion 
EC 300 u n t i l  reasonably stable levels were achieved, about 10,000 ions/cc 
a i r .  The ion generator and chamber a i r  c irc u la t io n  was then switched o f f  
and the f a l l  in a i r  ion concentration was recorded using a Medion a i r  ion 
analyser and potentiometric recorder. The f a l l  was exponential and average 
survival times were calculated. The experiments were repeated several times 
at 29°C db/17°C wb (30% RH) and a t 29°C db/23°C wb (60% RH).
Results
Mean surviva l time 0 30% RH 50 seconds
Mean surviva l time @ 60% RH 25 seconds
Conclusion
Survival o f negative ions appears to be cons is ten tly  reduced by in ­
creasing humidity. At 60% RH (a t 29°C) surviva l is  h a l f  tha t in a d r ie r  
atmosphere (30% RH). I t  is  assumed at present tha t th is  reduced surv iva l 
is  a re f le c t io n  o f the combination o f ions with water vapour to form 
large a i r  ions which are not detected by the ion analyser. However, fu r th e r  
work is  required to determine surviva l a t d i f fe re n t  temperatures and 
humidities. I t  would also be necessary to measure ions o f la rg e r sizes 
to confirm that large a i r  ion count was increasing as small ions decreased.
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Subject no.
Date o f tes t
Height (cms)  ....................
Weight (kg) ..........................
Age ........ .................
Sex ..........................
Drugs: Type
Last taken
Oral Contraceptives ________ ___________________________
Menstrual cycle 2 4 6 8 10 12 14 16 18 20 22 24 26 28
F ir s t  day o f la s t  period
Clothing
Garment Wool Cotton Man made
Breakfast:
Check: No Alcohol No c iga re ttes /c iga rs /p ipes
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IDENTIFICATION NO.
TIME ..............  DATE
Indicate on the scale below how much pain you feel:
Before_the_test:
I have no pain My pain is as bad 
as it could be
A fte r  the te s t :
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IDENTIFICATION NO. DATE AND TIME OF DAY
Do you f ind  the ATMOSPHERE in here:
Too hot
Pleasant
Fresh
Pleasing
Comfortable
Good
Too cold
Unpleasant
S tu ffy
Annoying
Uncomfortable
Bad
How do you rate you rse lf:
Too hot
Most comfontable
Very pleased^ 
A le r te s t I—
Too cold
Most comfortable
Very annoyed 
Drowsiest
Wei 1-being
Best (most happy, 
satis fied,contented)
Have you got a 
headache now
I f  yes, rate 
i t s  severity
Hardly noticeable
yes
Worst (most un­
happy, d is s a t is ,  
f ie d  and discon- 
tended)
no . . .
Worst ever 
experienced
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